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    Early in this century, Emil Fiseherl)found that proteins are
omposed of amino acids through studies on "peptone" formed by
heir partial hydrolysis and dreamed to synthesize biologically
ctive proteins starting with amino acids by rneang of organic chem-
stry. His fundamental contributions, such as an introduction of an
dea of the urethane-type protecting group, founded the development
f present peptide chemistt,y. Ever since, many organic chemists en-
aged in peptide synthesis, but no reaUy significant developments
ere achieved for about two decades. It was not untU l932 that the
nsurpassed discovery of the eatalytically removable protecting
roup, the benzy!oxycarbonyl(Z) group of M. Bergrnann andL.Zervas?)
ed to revolutionary developments in this field. As a consequence
f this great contribution, syntheses of naturally occurring small
eptides, such as carnosine3)and glutathionee)were soon achieved
nd thus the Fiseher's dream got one step closed to reality.
    In 1953, the structure of a pituitary hormone, oxytocin, was .
Iucidated by du vigneaud and his associates5)and its synthesis was
imultaneously accomplished by the same group, using Na-liq. NH3 as
he deprotecting procedure.6)The Fischer's dream was thus realized
t the first time in the field of peptide hormone. Since then, a
umber of peptide hormones have been synthesized. Syntheses of
nsuiin7)and adrenocorticotropins,8)for exampie, are the another
                                                               '      'uccessful achievements, in this field. However, synthesis of fully
ctive enzymes, representative proteins in nature, has remained to
e accomplished to date, despite numerous efforts of organic chem-
sts. For example, solid phase syntheses of ribonuclease A by
utte and Merrifield?)hen egg wh±te lysozyme by sharp et al.,10)
nd ribonuciease Tl by !zumiya et alll)produeed only partial enzymic
      '                                                           '            ･ -1-                                                      ''
activities respectively, None of the synthesis of enzymes in a con--
;;l'Agig:zl.:a:;eE.･,;:.fih.:s.Ir5g:ggle,2.s;,::,?y6.go:p:;n.g;.:tii?ky:214)
and A5-3-ketosteroid ±somertise by Kisfaludy et al15)has still be
                          '
                                                    '               ' '          '     This thesis describes the first synthesis of a protein with
   ''the full enzymie activity of bovine pancreatie ribonuclease (RNase)
                                                             '     Before enter±ng to the main subject, the author wishes to dis-
cuss briefly the general idea for this protein synthesis. The prin-
                         '                                        'ciple of peptide synthesis is composed of three elements; (1) amide...
bond formation, (2) suppression of racemization, and (3) choiee of
protecting groups and deprotection, Considering various methodolo--
gie"s employed in the previous attempts for protein syntheses men--
tioned above, the present synthesis of RNase A was conducted along
the following principles: (1) The peptide bond was constructed in
the conventional manner, instead of the solid'phaSe methodl7)sihc6
in the latter method, removal of delineated peptides produced by in-
                  'complete eondensations of amino acids on a resin.is practically im-
                                                       'possible and consequently the possibility is great to afford impure
                                                                  'peptides. (2) Usefu! informations are now available for suppression
of racemization during the bond forrnation. However a degree of race-
mization suppressed by addition of N-hydroxysuccinimide18)or 1-
                    19)2xs:.g:y?.z"zo,:.;,±a:gle..,g".Ig':g,gh2,g,icg;i2,h2xgl:.:gb;:g':'::'g:.?s",g,e2;.-
fore the Rudinger's azide proeedure2i)was seiected as a main, tooi
for construction of the entire peptide backbone, (3) In this synthe--
tic studiess the problem to which the author concerned mostly-was
the device of a new deprotecting procedure, since desired peptides
can not be obtained without selection of a suitable deprotecting
procedure, even if the peptide bond is far elongated, In order to
remove steadily so many protecting groupsrequired for synthesis of
                                              tt                               -2- ' .
complex proteins, methanesulphonic acid was introduced as a de-,
protecting reagent22)and this new reagent was applied to the pre-
                     'sent synthesis of RNase A.
* FoZZowing mctmnzaZian RNase struetuMes have heen eZzaeidated.
  Porcine; R.L. Jackson and C.H.W. Hirs, J. Biol. Chem., 245, 637
  <l970): Sheep; R. Kobayashi, C.H.W. Hirs, and M. Hagenhuber,.!.
  Biol. Chem., 248, 7833 (1973): Rat; J.J. Beintema and M. Gruber,
  Biochim. Biophys. Acta, 310, 161 (i973): HorSe; A.J. Scheffer
  and J.J. Beintema, Eur. j. Biochem., !LLt. 221 (1974): Goat; G.W.
  Welling, A.J. Scheffer,and J.J. Beintema, FEBS Lett., ELt, 58
  (Z974): Girafe; W. Gaastra, G. Groen, G.W. Wellingsand J.J. '
                      'Beintema, FEBS I,ett., 41, 227 (1974): GNU; G. Groen, G.W. .           ･-                in  WeUing, and J.J. Beintema, FEBS Lett., 60, 300 (1975): Reindeer;                                         -  G.L. van den Berg and J.J. Beintema, FEBS Lett., EL6, 101 (1975):
  Topi;-H. Kupper and J.J. Beintema, !t}2gsil!!gL:.L.!}Elh B h Acta, 446,
  337 (1976): Coypu and Chinchilla; A. van den Berg, L. van den
  Hende-Timmer, and J.J. Beintema, Biochim. Biophys. Acta, 453,
  400 (1976): Whale; G.W. Welling and J.J. Beintema, Biochem. J.,
  157, 317 (1976): Camel; G.W. Welling, H. 1!tulder, and J.J. .･i
  Beintema, Biochem.Genet., 14, 309 (1976): ]YIuskrat; H.V. Dijk, B.
  Sloots, A. van den Berg, W. Gaastrasand J.J. Beintema, Int. j.
  Pept. Protein Res., !, 305 (1976): Kangarop; W. Gaastra, G.W.
  Welling, and J.J. Beintema, Eur. j. Biochem., &t, 2009 (1978):
  Mouse; J.A. Lenstra and J.J. Beintema, Eur. J. Bioehem., 2L8, 399
  (1979): Hamster; P.A. Jekel, H.J. Sips, and J.J. Beintema, Bio-
 .chimieb gt, 751 (1979). ･ . '
                                                  '
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     Amino acids, peptides and their derivatives mentioned in this
thesis are of the L-configurati.on. Abbreviations used are those re--
                                   'eommeneded by the rUPAC-IUB Commision on Biochemical Nomenclature
                                                 '[Biochern. J., 102, 23 (1967), 104, 17 (1967), 126, 773 (!972)].
 Amino protecting groups: .
   Z = benzyloxycarbonyl
   Z(OMe) = p-methoxybenzyloxycarbonyl
   Boc = tert -butoxycarbonyl
   NPS = o--nitrophenylsulphenyl
   For = formy!
        '               ' Carboxyl protecting groups:
   Bzl =benzyl '   But = tert --butyl
      ttN Side chain protecting groups:
   Tos･ = p-toluenesulphonyl
          '            '   MBS = p-methoxybenzenesulphonyl
   MBzl = p--methoxybenzyl
                               '' Active esters and related derivatives:
     '                           '   NP = p-nitrophenyl  ･   '   DNP = 2,4-dinitrophenyl
   Su = N-hydroxysuccinyl
   PCP = pentachlorophenyl                                                                  x   TCP = 2,4,5-trichlorophenyl
   QCI = 5-chloro-8-quinolyl
   Troc = B,B,B-trichloroethyloxycarbonyl
   Tri = trityl
   Picoc = 4-picolyloxycarbonyl
 Coupling reagents:
   DCC = dicyclohexy!carbodi±mide
   IIDQ = 1-isobutoxycarbonyl, 2-isobutoxy-1,2-
            dihydroquino1ine
   HOBT = 1-hydroxybenzotriazole


























Chapter 2, Examination of Deprotecting Reagents for
       , Peptide Sythesis ' .
               Trifluoromethanesulphonic Acidf as a De-･Section l,
               'protecting Reagent in Peptide Chemistry
                         '                  ''                                      '                       '       '                     '
     The progress of peptide synthes±s dependsp in the author's
opinioni mostly on the progress of deprotecting procedures, The ca-
talytic hydrogenation procedure for the z group2)can be applied to
the synthesis of peptides eontatning no cysteine oT methionine andg'
therefore)du vigneaud's synthesis of oxytocin6)containing cysteine
residues was aceomplished by the Na-liq, NH3 procedure, After recog-
nizing an undesired side reactiont i,e,p the cleavage of proline
bond?3)in the Na-･-･!iq, NH3 proeeduret the present peptide syntheses
ar"e" currently conducted by the following two representative proce-
a) The trifiuotoacetie acid procedure24)for removai of protecting
    groups based on tert-l5utylalcohol,
                                  Boc CBdi ()Bdi
                   . z--NH- (-- Lys --Glu- -Asp - -) -oBrf
             , B J42-Pdi}oc gBljp pl3LiF
         BIi2ty9gN4.;9Milsgt?O) H; NH2-(--Lys--Glu--Asp--)-cB,jc
                         B lik)c pt3uF gBLjF '
                                 - Lys-- GZu--Asp--)-oBuFBpoc--NH-C!H-CO-(
                         . gACPH B.,, pt3,F osLl
                         tl          lgH2-CH-CO-(- - Lys--Glu--Asp--) -cE3LF
               X Bdw Bf Bdi Boe Cn3di OBdi '
   Boc- (- ･Arg-- cSTs-- Ser- -6]hr- - tiyr--Lys -- dlu --Asp--) -oBijF
                     ' "1) [[llA, 2) rernoval of X
    H- (--Arg--Cys--Ser--[[hr- -[[Yr- -Lys--Glu--Asp--) -OH
    Boc= tert-buto><ycarbonyl, Z=benzyloxycarbonylr
                                                    'Bpoc= biphenylisopropyloxycarbonyl, Bug= tert･-butyl.
                '                                 '           '         '
                              -6-
(2) The }IF procedure25)for removal of protecting groups based on
    benzyl alcohol.
                                            Z CE3zl C"3zl                                            -l)           g Boe-sNHtigA-"tyS'-gli}:l'()Bil:i-)eOB4･
                    l?8ty9gNHo-rCHM89t90H tJ NH2""(--Lys'-Glu"'Asp--)--oBzl
                                  R Z CE3zl CBzl                                         -- tys--Clu--Asp--) --oBzl          Boc-NH-eHco- (                                 W[[[EA '                   [pos rvBzi Bzi Nk3zi B2i z c"3zi QBzi
                   ll ti `li                                        ,             -Lys-･Glu--Asp--)OBzl    Boc-(--Arg--Cys--Ser--Thr--[[Yr-
                                                               ' '              H-･(-- Arg--qys- -Ser--[Vhr- -[[Yr- -Lys--Glu--Asp --) -on
                                                '        '              Bzl= benzyl,f MBzl= p-methoxybenzy!, Tos= tosyl.
     In the former procedure" three amino protecting groups in
totale Ze Boc and Bpoce are required for the synthesis of pro.teins
eontaining lysinei cysteine and methionine and no suitable pro-
tecting groups for arginine removable by TFA are available at the
present time, Because of these difficultiest such a procedure
was not applied for the present synthesis.
     As far as the choice of protecting groups is concernedt the
principle of the latter synthesis is equivalent to that of the solid
phase proeedurel7)protected peptide can be synthesized by combina-"
                                                    'tion of the Boc or Z(O}Ie) group as an ct-a'mino protecting group with
                                                 '           'the benzyl-type protecting groups as the side chain protection, re-
gardless of presence or absence of sulphur containing amino acids.
Frorn the viewpoint of construction of peptide backbonep the HF pro--
eedure has an advantageous featurep eompared to the TFA procedure.
Despite sueh advantagei HF gives occasionally the Friedel･-Crafts .
type side reaction and the reaction has to be performed in a special
equipment, Therefore, it was decided to investigate alternative
or better deprotecting reagents than HF, After surveying the acidi-
                               '- 7 -
        1
ty of var±ous organic acids available as reagents, the author exam-
ined behaviours of protecing groups toward the action of organic
                                                      26)                                                         and meth-sulphonic acids, namely trifluoromethanesulphonic acid
anesulphonie acid22)as deseribed in the fo!lowing sections, validi-
ty of these reagents to practical peptide synthesis was next exam-
ined.
     First the capability of trifluoromethanesulphonic acid (TFMSA)
as a deprotecting reagent was examined, TFIY[SA is a strong organic
acid and its relative acidity to that of Hcl is 47?7)As expected,
TINSA is ac±dic enough to cleave the Z group within 15 min at roorn
temperature. It was found also that this reagent removed various
protecting groups currently employed in peptide chemistry (Table).
 '" Each amino acid derivative was dissolved at 200 in methylene
chloride or TFA, and 5-10 equivalents of the reagent were employed,
In order to suppress the possible alkylation reaction, anisole (l.5
-3 equivalents) was used as a scavenger, A part of the solution was
subjected to quantitatlve amino acid analysis,
     Acid labile amino--protecting groupse such as Boc" Z(OMe).and
NPS, were cleaved quantitatively within 3-5 min, In addition to the
tert-butyl ester group, the benzyl group attached at the oo-carboxyl
function of Glu and Asp and at the hydroxyl function of Ser and Thr
was removed completely within 30 min, Treatment of Z-Trp-OH and Z-
Tyr-OH with this reagent for 30 min regenerated the parent amino
acids in nearly quantitative yields. However, the recovery of Tyr,
after similar treatment of H-Tyr(Bzl)-OH, was low because of the
predominant formation of the rearrangement producte 3-benzyl--
tyrosine, which is known as the side product during the HF treat-
ment28)also, under simiiar conditions, rec6very of Met from z-Met--
OH was a!so low, Howevert some improvement was achieved e when the
treatment was performed at OO. in the presence of anisole plus meth-
yl ethyl sulphid'e or dithiothreitol, This unexpected phenomenon
                               -8-

































































































          (a) methylene chloride was employed as a solvent,
          (b) reaction in the presence of dithiothreitol.
          (c) reaction at 400. '
                                       '            ' will be discussed in Section 3,
                        '      Regeneration of Arg from H-Arg(Tos)-OH was achieved quantita-
                                            tttively after treatment with this reagent a  400 for 60 min, but
                                        ' ' only 35% was regenerated from H-Arg(N02)-OH under ident±cal condi--
 tions, !n this mode'1 experiment, the S-p-methoxybenzyl group of Cys
 was found to be cleaved within l5 mins but removal of the S--benzyl
 group required somewhat elevated temperature (400).
                                            'From the result so far obtained, TFMSA seems to have a similar
                       '                                         '    '            '
-9-
Section 2, Methanesulphonic Acid, as a Deprotecting
                Reagent in Peptide Chemistry
                     '                       '                 '                                            '     Succeeding to the TFMSA deprotection, the author examined the
similar acidolysis of various protecting groups by methanesulphonic
acid (MsA)?2)together with a few other su!phonic scids for compari--
                    ''son, MSA is a weaker acid than TFMSA and its relative acidity to that
     In the presence of anisolee as a scavengeri each amino acid
derivative was treated with MSA at room temperature for 30 minp and
a part of the solution was subjected to quantitative amino acid
                                          '                          '  ttanalysist as in the former experiments, .
     MSA cleaved also most of the protecting groups listed in Ta--
61e, but was less effective in cases of H-Arg(N02)-OH, H-Arg(Tos)-
OH, H-His(Tos)-OH and H--Cys(Bzl)-OH as compared to the results of
TIZb4SA, Low recovery of Tyr was also due to the formation of 3-
benzyltyrosine, Recovery of Met was also lowp when this treatment
was performed without addition of thiols, These experimental re--
sults suggested that if some considerations were taken especially
to Met and Arg, MSA could be used like HF, because this acid,
though it is a weaker aeid than TFMSA, had still the enough ability
to cleave the benzyl-type protecting groups, such as Z and Bzl
ester, ' .   '     At this convenience, the behaviour of z group toward the
action of 3-bromocamphor-8 or 10--su!phonic acid was examined, Re-
generation of Glu from Z--Glu-OH was 85,9 or 82% respectively, after
similar treatment with oneofthesereagents in. TFA at room tempera.-
ture for 60 min, However, these reagents were judged not to give
any superior result} compared to MSA,'
     These two parallel experimental results described above now
opened the possibility that both reagents, TFMSA and MSA, can be
used along the similar principle as HF, Nexts the author examined
                  '                            ''                              -1e-
TableRerrK)valof various
   (2oo, 3o
       iprotectlng
 min)
groupsby MSA


















































































various prob!ems which may be arise, when these reagents are ap-
plied to practical peptide synthesis, It seems noteworthy that Glu
was regenerated quantitatively from Z-Glu(OBzl)-OH by these re-
agents, indicating that these reagents do not give the Friedel-
Crafts type side reaction, while treatment of Glu(OBzl) with HF in
the presence of anisole is known to give a side products Y-anisyl-
glutam±c acid?9)Low recovery of Tyr from Tyr(Bzl) indicated that
peptldes containing Tyr can well be synthesizedp when unprotected
                                                         G.Tyr is employed, instead of Tyr(Bzl). Considering the N                                                    --protect!on
of Arg, a more acid labile protecting group than Tos is desirable,
Zn 1976, Nishirnura and Fujino30)introduced Arg(MBS),.This protect-
ing group was proven to be cleaved by TF)4SA, as well as MSA, at
room temperature within 60 min and th±s paved the way of synthe-
                                -11-
sizing peptides containing Arg by applying these reagents, From
                 'these considerationsp,the author hascome nearly to the conclusion
                                   'that if the unknown side reaction at Met is solved, these reagents
will obtain qua!ification as a practical reagent in peptide synthe-
sis, This pending problem will be discussed in Section 3,
ve
-12-
Section 3, Examination of Methanesulphonic Acid Prcee-
               dure for the Synthesis of Peptides contain-
               ing Methionine. ' .
                                                  '                              '
     As described in the forrner sectionsp it was found that, when
exposed to TFMSA or blSAp recovery of Met was very poor, because of
the undesirable formation of presumably the sarne by-product,
Each product was found detectable at the identieal position on the
                                                                 'short column of an amino acid analyzerp eluted between His and am-
monia, Recovery of Met was improved to a ceTtain extent by addition
of sulphur compoundse but not satisfactorily enough,
     This side produet was now isolated for identification?1)when a'
                                                             'mixture of Met and anisole in MSA was kept at room temperature for
24 hr, this by-product was isolated in quantitative yield as the '
sole product, recrystallizable from aleohol, The strueture of this
compound was assigned as S--methylmethionine dimethanesulphonate (I)
from infrared (iR), iH and i3c nuciear magnetic resonance (N){R) '
spectral data. Especially, in the IH N)4R (D20) spectra, two singlet
peaks (62,80 and 2,97, each corresponds to 6H of two methyl groups)
were observed, indicating the presence of S-methyl sulphonium moie-
ty in (I) . Though the mass spectral data were not available, be-
eause of its non--volatUity, the elemental analysis matched well
the assigned formula, This structura! assignment was then confirmed
by direct comparison with the authentic sample of (I), derived from
                         32)                            by treatment of MSA via the correspond-S-methylmethion in e iodide.
ing dipicrate, Next, Met was similarly treated with 33% TFMSA--TFA
in the presence of anisole, It was found that the sole product thus
forrned could be converted into the dipicrate in the same manner as
the. iodide .mentioned' above.
     These experimental resu!ts suggested strongly that the sul･-
phur atom of Met was trapped the rnethyl group of anisole as a cati-
on. In order to confirm further this most plausible origin of the
            '                       ''                                '                                -13- '
     ?H3
     8iH,




                  I: R= CH                            3r,
methyl group in (I), phenetole,
MSA in the presence of Met, Here
(II) was isolated as shown in
that acidic eleavage of anisole
when Met was absent, and, ･in
observable side reaction in the
         ttThus, the role of Met became evident
ofaromatic ethers by these acids,
from anisole to the sulphur atom
riard-soft concept?3)i,e,, cHl;
ity with sulphur (soft base),
applied to the hydrolytie cleavage
sole gave phenol with MSA-Met at
                               'yield, This new react±on was successfully
lective cleavage of aromatic methyl
   34)one.                          '     In connection with these
           'sulphur atom of Met has a great
benzyl or tbrt-butyl cation liberated
When the Z group was removed from
tically by hydrogen bromidee formation
salt was reported by Guttmann     36)et al. isolated-a tert-butyl sulphonium
               .(i)H3
3S03H F---R 9H CF3S03H) gl :2 + .
× iliH3-6H2cooHX.
               2 CH SO'- ･
             ' ' II: R=. C2Hs
         '              '     '   instead of an±sole, was exposed to                   tt , S-ethylmethionine sulphonium salt
 the above F g. !t should be mentioned
   or phenetole did not take place,
                            '  addition Met in these acids gave no
  bsence of anisole or phenetole. '
      for th  facilitated cleavage
            ttt     Tran fer of the methyl group
   of Met can be explained by the
 (soft acid) has an appreciable affin-
 This hitherto unknown reaction may be
      of aromatic ethers, since ani--
   room temper ure in reasonable
            applied to the regiose-.
      ether of 4,5--dimethoxyindan-1--
           ''                    tt
 observationse it is known that the
  endency to be alkylated with the
        from th  protecting groups..
     Met-c ntaining peptides acidoly--
         of the S･-benzyl sulphonium
 and Boissonnas?5)More recently, Noble
                L          form of Met-eontaining pep-
                   '
tide after treatment of Boc--peptide with HFt even in the presence
of anisole,
     From the above experimental results and references" it ean be
judged that the thioether moiety of Met had bettdr be proteeted,
when the Z and Boc groups, possibly the benzyl and tert-butyl es-
ters, are cleaved acidolytically with hydrogen bromide or HF. When
TEMSA-anisole or MSA-anisole is applied as a deprotecting reagent,
its protection is absolutely necessary, For this requirementt the .
                                                         '    'sulphoxide, Met(O), seems to be the only compound available in the .
present peptide synthesis, The use of this compound was first re-
commended by iselin37)because of its rdversible conversion to Met
                      'with thiols. Through this protectionp it is possible to prevent not
                                                   'only the partial alkylation of the paTent aTnino acid at the depro-
tecting stage, but also the partial oxidation during the peptide
synthesis. It was first confirmed that Met(O) is stable to TFMSA
                               'and MSA under deprotecting conditions, Thus- Met-containing pep-
tides could be synthesized in such a manner that protected Met(O)-
peptides are exposed to TFMSA-anisole or MSA-anisole and then the
products are incubated withthtols to reduce Met(O) to Met, Alter-
                                                               'natively, as seen from the reaetion rnechanism descreibed aboves Met
-containing peptides can be synthesized starting with unprotected
Met or by reduction of )4et(O)--peptides with thiols prior to depro-
tection with these acids7 if anisole is replaced by another scaven-
                     'ger) such as cresolg which has no property as an alkyl donor,
     Hereg the author could accumulate most of informations neces-･
sary to apply these two reagents, T]7MSA and MSA, to practical pep-
tide synthesis, Considering the aeidities of these two reagents and
other informations as described in the latter Chapter" the author
                                                    'reached the conclusion that complex peptides ean be synthesized
                'using MSA aS a deprotecting reagent according to either one, [A] or
 [B], of the following two schemes. In the route [A], anisole can be
applied as a cation scavenger by the reason stated above and Met(O)
                                -15-
 is reduced after deprotection, In the route [B], Met(O) is reduced
 prior to deprotection and, therefore" anisole should be replaced by
 another scavenger, such as m-cresol for the MSA treatment, As will
 be discussed in Chapter 3, Section 6, synthesis of RNase A had to
 be performed by the route [B], because of the unexpected formation of sulphoxide of cys(MBzi)?8) '
     '
                 Z MBS OBzl OBzl MBzl O     z (oMe) - (- - iys - -Arg - - Clu - -Asp-- eys -- rtiet -- ) -- oBzl
                                              '    ["] . I (II9"opblsA?- ?gri.SmOlgresoi>
                                       tt            'H- (-- Lys --Arg-- Glu-- Asp --Cys -- r:Iet--) -OH '
 .. H- (-- Lys -- Arg -- Glu -- Asp-- Cys-- Met--) -OH  . '. T MsATm･-cresol [BOr]
                 'Z MBS                 OBzl OBzl MBzl                 i-tll   Z(OMe)-(--Lys--Arg--Glu- Asp--Cys--Met--)-OBz1
           /                      '                       '
                            ' , As far as acidolytic deprotecting procedures are concerned)'
every deprotecting reagent, HF or TFA, as well as TFIylSA or MSA, of--
fers more or !ess common problems as regards to the necessity for
suppression of side reactions due to alkyl cations generat,ed from
proteeting groups. It is true that suitable scavengers play an im-
portant role for this purpose, Thoughm-cresol was' selected as a
cation scavengerp these accompanying problems wi!1 be again discuss-
ed in appropriate places in the next main Chapter,
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   nuclease A
 l. Synthesis of the





            'Main strategy for the total synthesis of bovine pancreatic ribo-
                                  t ttnuclease (RNase) A is outlined with respect odeprotecting proce-
dure and the selection of methods for construction of the entire
amino aeid sequence of this bnzyme, Amino acid derivatives bearing
protecting groups removable by methanesulphonic acid were employed
in combination with the TFA labi!e Nct-protecting group, Z(OMe),
Relatively small 30 peptide fragments were selected as the building
bloeks for construction of the entire peptide backbone, As Section
!, the C-terminal protected pentadecapeptidie ester, Z(ObEe)-･(RNase
110-124)--OBzl, was synthesized by successive condensations df'.three
                                                         'fragments, Z(OMe)--Val-His-Phe-Asp(OBzl)-A!a-Ser-Val-OBzl [1], 1 .'
Z(OMe)r,Asn-Pro-Tyr-Val-Pro-OH [2] and Z(OMe)-Cys(MBz1)･-Glu(OBz1)-
Gly-OH [3].
-17-
rn this chapterp the author describes the results of studies on the
total chemical synthesis of a protein with full and specific ribo-
nuclease (RNase) A activity.
                                                       ',,..,gh,g,pg;mftl;.itigg;gr:.gf,e2",k'gs):.:":r,:giig,g;':2n,"gl22;?c,::s
                                   '         'the aid of improved methods for sequential analysise the entire
amino acid sequence consisting of 124 amino acids was confirmed16)
with minor revisionseO)Thus this protein became the first enzyme,
      'for whieh the entire structure was recorded in literature, These
authors ernphasized that " a formula derived by degradative experi-
ments sould be regarded as a working hypothesis until it is con-''
firmed by other meanst preferably by chemical synthesis," '
g,.l,IZ,l9g9,'.gll9..g･::gP:,:g i:;22.glg2:;;'ri.r:g:I.5:.2,tg: Ilhk.em,l/;?2i,
Gutte and Merrifield?)using the autornqted solid phase synthesis,
reported that they succeeded in the synthesis Qf O,41 mg of a pro-
tein (in the supernatant solution of ammonium sulphate fractiona-
tion of the trypsin-resistant mateTial) with a specific activity
against RNA of 78%, Various side reactions that could occur during
the HF treatment25)of protected peptides were not ciear at that
time; for instancest y-anisyiation of Glu(oBzi)29)and the intra-
molecular rearrangement of Tyr(Bzl) to Tyr(3-Bzl)?8)The latter be-
came an enthusiastic subjeet of investigations by Merrifield and
his associates42)in subsequent years, Aceumuiation of errots or
failure sequences are often observed in the stepwise solid phase
                                      43)                                      , using Edman procedure,synthesis as reported by Tregear et al
As pointed out by Jones and R±dgee4)if the synthesis is carried out
without purification and characterization of the intermediatest the
presence of active molecules closely related to s but not identica!
w±the the natural enzyme can not be excluded, .                                       41)                                       , reported the synthesis' ofThe other group! Denkewalter et al
s--protein (tetrahectapeptidep RNase 21-124)45)in. a conventional
                               -18-
rnanner using a modified Leuch's anhydride procedure46)as the main
                                                                'strategy for the preparation of necessary fragments with minimal
'protection, After the ]kodinger's azide eondensation2i) of two iarge
fragrnents, (position 21--64) and (position 65-124), the Z group
from lysine and the newly devised acetamidomethyi group47)from
cysteinewereremoved by HF and mercuric acetate respectively, They
obtained a solution containing ca, 2y of S'-activitys upon combina-
                                                             t･tion of S-peptide (RNase 1-20) derived from the natural source,
Thus the synthetic material was estimated to have an aetivity of 30
-40% of the native enzyme, but this minute amount made further puri-
fication and characterization of the end product impossible, Thus,
                           '                             'the author became aware that rnany problems remalned to be solved '
                        'and unambiguous synthesis of RNase A or S-protein remained to be
                         '                                        'accomplished.
     '  The present,synthesis of a protein with 124 amino acids corre-
sponding to the entire amino acid sequence of RNase A was accom--
plished in a conventional manner by suecessive assembling of 30 pep-
t±de fragments, each of which was fully charaeterized by elemental
and amino acid analyses andpafter each condensationp all protected
                                                       '   'intermediates were also characterized, In the final step of the
synthes±s, methanesulphonic acid (}csA)22)was emploYed as a depro-
tecting reagent, After air oxidatione8)the crude material (g-12% '
                                                   49)activity) was purified by affinity chromatography                                                   to a more ac-
tive compound (74-82% activity) fo!lowed by ion-exchange chromato･-
graphy to essentially the fully active component, The synthetic en-
                                         ttttzyme, thus obtained, exhibited identical behaviour to natural RNase
A upon electrophoresis and specific activity against yeast RNA and
                                         ' 2', 3'-cyclic cytidine phosphate. ,
     'The synthetic strategy,outlined above- is written schematically
 in F±g, l, In order to construct the peptide backbone" a conven-
 tional proeedure which mould permit the charaeterization of each
 intermediate at each step was seleeted, In order to facilitate the











































































































































































































purification task, relatively sma11 peptide fragments were seleet-
ed as buil,ding blocks and these were assembled for the most part
using a modified azide procedure?1)These building blocks were
                        'condensed stepwise from C-terminal toward the N-terminal end. Irhis
approach requiTes more coupling steps eompared to the condensation
of relatively large fragments, but retains the advantageous feature
of ease of purifieation of the protected intermediates. Smaller
peptides coupXe efficiently by the azide procedure; however the
efficiency decreased in a certain degree when the amino component
reached around the S-protein stage. After reactions, the excess
azide component eould in most cases be readi!y removed by repeated
precipitation. Although chromatographic technigues are usually of
limited vaZue in pur±fying large protected peptides, it was found
that, in certain instances, the Sephacryl S-200 -5% H20-NMP (or
DMSO) system is,quite effect±ve and preferable to Sephadex LH-20 or
                                                                 ''60. Accordin,gly this technique was applied as certain steps of the
RNase synthesis.     The methanesulphonic acid (MsA) deprotecting procedure22)em-
         'ployed in this synthesis was first introduced as described (Chapter
2) in 1975 and its scope and limitation have been examined through
syhtheses 6f modei peptides, such as duck giucagon50) and human
B-endorphin.51)To temove, by a single treatment at the final step
           'of the synthesis, the many protecting groups necessary to eonstruct
the peptide chaig the author considered the use of a strong aeid,
                                                             26):g.geg.?x::2.:es.:.Ei:kgoigm.figh:gez: i:X;gig z,cg'1.li:FsSlg:g"t. ,,..
Lys(Bzl) from Lys(Z). The latter side reaetion, pointed out by
Mitchell and Merrifield?3)did not occur in the MSA deprotecting sys-
tem54)andsin this weaker acid system, futt recovery of cysteine ftom
Cys(MB21) was obtained. rt was further found that this acid has no
tendency to form a y-anisyl-glutamic acid derivativd29)from Glu-
(OBzl), a Friedel-Crafts type reaction known as a side reaction of
                                                          '                          ' -21- .
HF, Thus MSA was judged to be more attractive than either TFMSA or
                                   ''HF,
                                     '  '    '     Howevers there were two additional problems to be solved be-
                                                              ''fore applying this reagent to practical peptide synthesis, i,e.,
                                                        'choice of a suitable protecting group for arginine and prevention
of S--alkylation of methionine, A new arginine derivative, Arg(lylBS),
introduced 6y Nishimura and Fujino30)has met the present needs,
                       '         'sinee MSA removed this protecting group within 60 minutes at 200,
whiie thd nitro55)and tosyi56)groups emplpyed currentiy in peptide
synthesis resisted the aetion of this acid. Despite sueh ease of
                                 tt            'rernoval of the MBS groupe it was necessary to overcome an unexpect-
                               '   'ed side reaetion at tyros.ine, The MBS cations,,libel.,s.ited by this acid
                            '                  tti6a:.w;:,:}As,Y,Yglg.a:.:a:ke.d,I2g.g2g"g･lig g.r2:.g.og.gxg.og:;? g:,-
                                'sole; this happenstance was overcome by the use of an alternative
scavengeri m- or o-cresol, Recently a mor'e acid labile protecting
group for arginine, mesitylene-2-sulphonyl' group?8)was intr duced.'
                                                               'However.t this new derivative was not ready for use in the present
                                  '
                                          '                                        '     As the 2nd problem, it was found that S--alkylat±on of methio-
nine in the MSA-an±sole system was due to methyl transfer from ani-    31)       and this side reaction could be totally prevented.by thesole
use of methionine sulphokide, Met(o)?7) An easy procedure for the
                     ttpreparation of Met(O) by sodium metaperiodate or sodium perborate
                                                    59)oxidation provided with sufficient starting materia1,
     An unexpected problem arose with the formation of the su!ph-
oxide of Cys(MBzl) during the peptide synthesis, The chemical
nature of the Cys(MBzl) sulphoxide has hitherto not been examined
in peptide synthesis. There was an indication that the partial oxi--
                   60)dation of Cys(MBzl)                    had indeed occurred during the long course
of the synthesis and when tteated with MSA-anisole, as well as HF,
this compound' was fully transformed to p-methoxyphenylcysteine?8)
                               -22-
instead of cysteine, Reduction of the sulphoxide of Cys(MBzl) with
thiols became necessary prior to the MSA deprotection. This simul-
taneously redueed Met(O) to methionine, Trtus, the protecting group
for methionine needed to be removed, prior to removal of the other
protecting groups, This new situation prompted to investigate an
alternative scavengert that has no tendency to alky!ate methionine.
FoT this and other purposes, m-cresol was selected, The author be･-
                         'lieves that the use of Met(O) played an important role in prevent-
          'ing the partial S--oxidation during the synthesis and the partial
                          'S-alkylation during the Nor-deprotection'as mentioned by Iselin?7)
                                      '                           ''     With the above strategy and keeping various side reactions in
rnind, the author undertook the synthesis of RNase A with amino '
acid derivatives bearing protecting groups remavable by MSA, i,e,,
Asp(OBzl), Glu(OBzl), Lys(Z), Arg(MBS) and Cys(MBzl), in combina-
tion with the ivFA labile z(o}fe) group61)as the Nct-protecting group,
A reagent, p-methoxybenzyl-s-quinolyl carbonate92)seTved to secure
                                                             'sufficlent quantities of Z(OMe)-arnino acids as starting materials,
After performing a preliminary coupling on a small. scale, two
succesive runs were performed in preparative scale at each conden-
sation step to obtain sufficient intermediates, Thus, 4,9 g of the
protected S-protein was synthesized. The author herein presents a
                                        'detailed account of the synthesis of RNase A.
     rn the first sectione the synthesis of the protected penta-
decapeptide ester corresponding to the C--terminal portion of RNase
(position 110-124) is described, The pentadecapeptide ester,
Z(OMe)-Cys(MBz1)-Glu(OBzl)--Gly-Asn-Pro-Tyr-Val-Pro--Val-His-Phe-
                                                      '     'Asp(OBzl)-Ala-Ser--Val-OBzl, abbreviated as Z(OMe)-(RNase 110-124)-
OBzlv was synthesized aecording to Seheme 1,t where three peptide
fragments, [l], [2] and [3], served as building blocks, The Merck
     41-c)          selected a!so these three units; two hydrazides and thegroup                                                                   '   'C-terminal heptapeptide with the free carboxyl group, tbough no
                                                           'experimenta! details were given,
                               -23-
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' The first bloek [1], Z(OMe)--Val-His-Phe-Asp(OBzl)-Ala-Ser-
                                                           'Val-OBzl, Z(OMe)---(RNase 118-124)--OBzl, was synthesized according
                      'to the seheme 1--a, The C--terminal carboxyl group wass in this syn-
thesis, protected as the benzyl ester, Attempt to prepare Z-Ala-
                                                     63)                                                        with valineSer-Val-OH by the azide eoupling of Z-Ala--Ser-NHN}l2
gave poor yield, because of the difficulty involved in bringing
valine into an aqueous solutiont even in the presence of the theo-
 retical amount of triethylarnine, The coupling of Z(OMe)--Ala-Ser-
NHNH2 with H-Val-OBzl was performed to give Z(OMe)-Ala-Ser-Val-
 OBz! in a satisfactory yield, Prior to each chain elongation, the
 Z(OMe) group was removed by TFA in the presence of anisole. To the
  Scheme l-a.                     '  Synthetic scheme of the protected heptapeptide
  estet, Z(OMe)-(RNase ll8-l24)-OBzl [l].
Z (OMe) -Val-OH






                           OBzl -    z(oMe)-val-His-Phe-Asp-Ala-Ser-Val-OBzl
       '                                 '  tt              'resulting Nct--deprotected peptidet H-Ala--Ser-Val-OBzl in this in-
                                              'stance, Z(OMe)-Asp(OBzl)--OH and Z(OMe)-Phe-OH were incorporated
in a stepwise manner by the p-nitrophenyl ester procedure64)qnd
Dcc condensation65)respectively and subsequently z(obce)-val-His-
 '                        'ill.lllg,g.2Y, g}e, U.dk!fig5'2.::t'Se,,zr;;g.d:,r:.'.[II,}g,ga,iggg,hgSr::gd:.:::
                       ''hydraz±ne treatment of the resulting dipeptide esters Z(OMe)-Val-
                               -25-
His-OMe, In this stepp the DCC condensation is known to give the                       67) ･'DCC adduct of histidine,
 ' '     The fragment [2], Z(OMe)-Asn--Pro--Tyr-Val--Pro-OH, Z(OMe)-(RN-
ase 113-117)-OH, was synthesized aecording to Scheme 1-b. Construc-
tion of the peptide bonds, Val-Pro-Val- (116-118), proved to be
                                       '       'eonsiderably difficult, due to the combination of sterically hind--
                                                            'ered amino acids, Prior to synthesizing this fragment, Val--Pro-
                                       '    'Val-His- unit was prepared as a model eompound. The DCC condensa-
            '                               ''      'tion between proline and valine is known to proceed smoothly, but
not between valine and prolinet because of predominant formation
                                    '                            '-.    ' tt
Scherne l--b
                          'Synthetic scheme of the protected penta-
'"peptide, Z(OMe)-(RNase 113-l17)-OH [2].





Z (Ob4e) -Asn-Pro-Tyr --Val-Pro-OH
                                                                 'of an acyi urea, a side reaetion of Dcc98)Thus, it was decided
to terminate this fragment at the position of proline (117) and
establish the Val-Pro bond by condensation of Z(OMe)-Pro-Tyr-Val-
                                          'N}INH2 and proline by the azide procedure. The former tripeptide
hydrazide was the one derived from the az±de condensat±onof the known hydrazide, z(oMb)-pro-Tyr--NHNH299)with H-val-oMe fol-
lowed by the usual hydrazine treatment. The resulting tetrapeptide,
Z(OMe)--Pro-Tyr-Val-Pro-OH, after the TFA treatment, was submitted
               'to the condensation with Z(OMe)-Asn-OH by the p--nitrophenyl ester
   '               'method to give the fragment [2], without a sizable amount of the
                             '
                              -26- -
                                                            1
o-acyl component70)at the tyrosine residue.
                                         '     The fragment [3], Z(OMe)-Cys(lyll3zl)--Glu(OBzl)-Gly･-OH, Z(OMe)-
(RNase 110-112)--OH, was synthesized without particular difficulty
by the successive p-nitrophenyl ester condensation of Z(OMe)-
Glu(OBzl)-OH and Z(OMe)-Cys(]Bzl)-OH as shown in Scheme 1-c,
Scheme l-c.
Synthetic scheme of the protected tri-
 peptide, Z(OMe)-(RNase UO-ll2)-OH [3],
Z (OMe) -Cys (MBzl) -ONP
Z(OMe)-Glu(OBzl)-ONP
          H-Gly-OH
            MBzl OBzl    z (oMe ) -6ys-elu-Giy-oH
               ''                          '
                          'Two fragments [2] and [3] with the C-terminal proline and
glycine respective!y were successively condensed with fragment [1]
by the penta6hlorophenyl trichloroacetate (pcp-o-TcA) procedure71)
                                          'without risk of racemizat±on. rt was noticed that each reaction
was aceelerated by the a'd ition of HoBTZ2)Each produet was purifi-
                       -                                    '                'ed by the washing and precipitations, Their amino acid ratios in
6N HCI hydrolysates are listed in Table le where recovery of phen-
ylalanine was taken as the basis of calculatione sinee this amino
                           'acid oceures once in the C-terminal portion at position i20 and
     'then at positions 46 and 8, Sueh diagnostic amino acids should be
selected fTom arnino acids with minimal composition and located at
the C-terminal portion of the molecule, The author believes that
such choice of amino acid as the basis of calculation throughout
the synthesis is absolutely necessary for obtaining informations'
about purity of each condensation productp rather than varying
amino acid as the basis for convenience, Various synthetic tactics
arising in this synthesis of RNase is described aecording to the
                   '
                              -27-
chain elongation.
     For structure-function studies on RNase, a number of C-termi-
nal peptides have been synthesized; i.e.t a fragment (118-l24) in
a convenEionai rrianner73'a)with different protecting groups from
                                 'those described herein, the fragments (U6-124), (113-124) and




Amino acid ra'tios of
and lntermediates,
Posit±on Residuell8-l24     (7)
Z(OMe)-(RNase
ll3-124
    (l2)
11O-124)-OBz1
llO-l24















































Section 2. Synthesis of the Protected Hexatriaconta-
             peptide Est.er (positions 89-l24)
Summary
Commencing with the protected C--terminal pentadecapeptide of bovine
pancreatie RNase, Z(OMe)-(RNase 110-124)-OBzl, chain elongation was
accomplished to the hexatriacontapeptide, Z(OMe)-(RNase 89--124)-
OBzl, by succesive azide condensation of six peptide fragments,





Succeeding to the synthesis of the protected C-terminal pentadeca-
peptide (position 110-l24), its chain elongation to the hexatria-
                        '               'contapeptide (position 89--124) is described in this section. Chain
eiongati6n was accomplished by succesive azide condensation2i)of
                                    'six peptide fragments as shown in Scheme 2.
   ' The positions 106-108 of RNase consists of sterically hindered
amino acids, Ile-Ile-Val. !nitially, Z(OMe)-Ile-Ile-Val-Ala-OMe was
prepared in h stepwise manner by Dcc' condensation65)without diffi-
culty. However, the corresponding hydrazide was a much less soluble
         'compounq even in hot DMF or PMSO. Because of this difficulty, it
                         'was decided to introduce this tetrapeptide unit in two steps as
                                        '            ttZ(OMe)-Val-Ala-NHNH2[4] and Z.(OMe)-rle-Ile-NHNH2[5]. These two hy-
drazideswereobtained by the usua! hydrazine treatment of the cor-
r"espondimg esters, prepared 'by the mix d anhydride procedure66)re-
                                                             'ttEP.S2tg'g.ei,l.a.;::lgr.Xg:.",2y.Ih:"2Cg.;i:;2g"ge.iL,g.h.e,izgS2.: :g:;e2gge.,.
,,,,,Th.e.,fS.ag,M.e."g,L.Zg,O.Mwne'-..".Sg.-,L.Y.S.(Z'--."iSElj.g","zA2],i:2.:g';g'9g,:O,Z;.,
                 '                  '                 '                                   '                                '          '         '  '  Scheme 2-a. ' ･  '                                                        '  Synthetic scheme of the protected tripeptide
   hydyazide, Z(ODvle)-(RNase I03-I05)-NHNH2 [6]
Z(OMe)-Asn-ONP
        .z (oMe) --Lys (z) -oH
          . H-H1s-OMe
        Z(OMe)-Asn-Lys(Z)-His-NHNH2
                                       ''
out that the DCC condensation of histidine-containing peptide gave
a DCC adduct at the irnidazole ring. After the DCC condensation of
Z(OMe)-Lys(Z)-OH and H-His-OMe, the product was, therefore, treated
with methanol and 3% acetic acid to remove this adduct. Z(OMe)-Asn-
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oH was condensed by the Np method64)with the TFA treaEed sainple of
                                   'Z(OMe)-Lys(Z)-His-OMe thus obtained and subsequently the product
              'was converted to [6] by the usual hydrazine treatment.
      '     According to the scheme 2-b, the fragment, Z(OMe)-Lys(Z)-Thr-
:¥.:[G!EEikeKINi:N-gftg;2);;o.;.i;g'gn,3ssl221s.g2:.gilg:e:..iz2d,.si:gl.i 2.
of HoBT19)No cN bond vibration75)was observed in the iR spectrum of
                  ''this starting material. After removing the Z group by catalytic hy-
drogenoiysis, the pcp76)and 'Tcp77)active ester procedures were em-
                      '' 'ployed to introduce threonine and Lys(Z), respect±vely, since theseesters are crystanine compoundsZ8'79)The resuiting pentapeptide
ester, Z(OMe)-Lys(Z)-Thr-Thr--Gln-Ala-OMe, was smoothly converted to
[7] by hydrazine in the usual manner.
x
 scheme 2-b.
 Synthetic scheme of the protected pentapeptide
                                         ' hydrgzide, Z(OMe)-(RNase 98-102)-NHNH2 [7].
                                                  ' z(oMelsil.iilio,Tcp1
Z-Gln-OH
H-Ala-OMe
   z    l.        z (orvle) --Lys-Thr-Thr-Gln-Ala-NHNH2
          '               '
     Next, the author tried to elongate the peptide chain by adding
two subunits, Z(OMe)-Pro-Asn-Cys(MBzl)-Ala-Tyr--NHNH2 and Z(OMe)-
Ser-Ser-Lys(Z)-Tyr-NHNH2. However, the preliminary findings in-
dicated that the latter azide, even in five-fold excess, did not
bring the condensation in completion with the sterically hindered
Pro-terminal peptide, a relatively large amino component of se-
quence 93-124. Thus, the next two fragm'ents were alternatively syn--
                              -32 --
thesized; i.e., Z(OMe)-Tyr-Pro-Asn-Cys(MBzl)-Ala-Tyr-NHNH2[8] and
                                                                'Z(OMe)-Ser-Ser-Lys(Z)-NHNH2[9]. The former hydrazide was synthe-
sizdd in a stepwise manner starting with z-Ala-Tyr-oMe80)as shown
                                                      ''in Scheme 2-c. Z(OMe)-Cys(MBzl)-OH was introduced by DCC, subse--
quently two amino acids, Z(OMe)-Asn-OH and Z(OMe)-Pro-OH, by the NP
method and finally Z(OMe)-Tyr-NHNH2 by the azide method. The re-
sulting hexapeptide ester was converted to [8] in the usual manner.
.ES:"EiLLs"::cheme2c
                                       ttSynthetic scherne of the protected hexapeptide




Z (OMe) -Cys (MBzl) -OH
z-Ala-OH
H-Tyy-OMe
                      MBzl .z ( oMe ) -Tyr -- Pro--Asn-eys-Ala --Tyr -NHNH2
        '
     Fragrnent [9] (position 89--91) was prepared by two succesive
azide condensatton of Z(OMe)-Ser-NHNH2 with H-Lys(Z)--OMe followed
by treatment of the resulting tripeptide ester, Z(OMe)-Ser--Ser-
Lys(Z)-OMe, with hydrazine (Seherne 2-d). Previously, Z(OMe)-Ser-
OPCP was used for the preparation ofthe afgrementioned tetrapeptide
hydrazide. However some diff±culty was encountered in the prepara-tion of the starting material, z(oMe)--ser-oH.61)due to its high
                         'selubility in water.
     Six peptide hydrazides, the puritiesof which were assessed by
elenental analysis and amino acid analysis after acid hydrolysis,
were then assembled successively by Rudinger's azide procedure. The
possibility of a certain degree of racemization occuring during
                              -- 33-
Scheme'2-d.
Synthetic scheme of the protected tripeptide
           ' hydrazide, Z(OMe)-(RNase 89-91)-NHNH2 [9].
z(oMe)-Ser-NHNH2
z (oMe) --Ser-NHNH2
             H-Lys (Z) -OMe
                           4
       z(oMe)--
the azide coupling was
the basis of avaiiable
                   ''azide method is the method of
high optical purity.
･"･without masking the hydroxyl
phenolic group of tyrosine.
activation of the active
functional groups in the
to carry out the further
as demonstrated by
to be involved in this
ing･
     Among condensation
point with which concerned
leucine and valine (position
Z(OMe)-Ile-Ile-NHNH2[5] with
position I08-124), because of
acids.'rndeed, conversion of
ing hydrazide needed a slight
tion went smoothly in better
drolysis of the protected
106-124)-OBzl, gave a low
earlier observationsel-C)A
      '     'ser--Ser-,Lys-NHNH2
                                       81)        pointed out by several authors. However, on
        informations,it is still considered that the
               choice for obtaining peptides with
      Particularly, the peptides were synthesized
            g up of serine and threonine and the
                             70)          Bodanszky et al.                      reported the over
                                                  '          ester procedure, which took place at these
             '  '          presence of histidine. It was felt safer
          synthesis by persuing the azide proeedure,
                       41)    D nkewalter et al., since much less risk seems
        procedure, whieh can be performed with cool--
                    '                       '                                '                                             '      '
         re ctions involved ±n this section, the                   '            was the bond formation between iso-
              I07-108) via the azide condensation of
              the Val-terminal amino component (
                st ric hindrance of these amino
               Z(OMe)-Ile-rle-OMe to th'e correspond-
             wayming at 500, but its azide reac-
                       '              than expected y±eld (79%). Acid hy-
          p p i e, abbreviated as Z(OMe)-(RNase
          recovery of isoleucine, as predicted from
                               82)                                  was also noted dur-similar phenomenon
                                             '                                   '   -34-
ing the synthesis of basic trypsin inhibitor, which has the identi-'
cal Ile-Ile-sequencee3)Thus, 72 hr's hydrolysis was performed at
this stage to ascerta±n the satisfactory incorporat±on of this di-
peptide unit. On analysis of this product, the presence of D-allo-
Xle was detected (2.3%). Acid hydrolysis of the above starting hy--
                                              '     'drazide did not give any detectable amount of the allo--compound,
which is known as the guide substance of racemization teste4)lt had
to be admitted that racemization could occur, not only in the above
coupling step, but also in every azide condensation of peptide
                                    81-c)fragments usually in less than O.04%.
     Every eondensation was performed with ca. 1.3-2.5 fold excess
of an azide component, until the solution became negat,ive to nin-
hydrin. The progress of the reactton was examined by Shimadzu dual
wavelength tlc scanner. As a solvent, a mixture of D]}CF-DMSO or DMF-
}IlylPA was employed, depending on the solubility of amino components.
Especially, after incorporation of Val-Ala unit [4], succeeding
condensations of the fragn'tents, from [5] to [9], were performed in
such a solvent system. Even under these c.onditions, certain. jm-
provement of solub±lity was noted, after incorporation of fragments
bearing protecting groups, such as Lys(Z) and Cys(MBzl). Excess
peptide azide could be removed by repeated precipitation from DMF
or a mixture of DMF and DMSO with methanol or ethyl acetate. Thus,
coupling y±eld lay within 72 to 93%. The purity of protected inter-
mediates were assessed by tlc and amino acid analysis (Table 2).
The recovery of phenylalanine was taken as the basis of calcula-
tion, as mentioned in the preceding section. Elementa! analysis
seems to offer little information about the purity of relatively
large peptides; however, this analysis was performed to obtain as
much information as possible about the homogeneity.
                                                               '     The docosapeptide synthesized (position 103-124) by Jenkins
et alll-C)was similar to the one des'cribed here with the exception
of the protecting groups employed.
































































































Section 3. Synthesis of the Protected Hexapentaconta--
             peptide Ester (positions 69-l24)
Summary
Commencing with the protected hexatriacontapept±de, corresponding
to the sequence of bovine panereatic RNase A, Z(OMe)-(1muase 89-
124)-OBzl, chain elongation was carried out to the hexapentaconta-
peptide stage, Z(OMe)-(RNase 69-l24)--OBzl, by succesive azide con-
densation of six peptide fragments; i.e., Z(OMe)-Asp(OBzl)-
Cys(MBzl)--Arg(MBS)-Glu(OBzl)--Thr-G!y--NHNH-Troc [10], Z(OMe)-Ser-"
Ile-Thr-NHNfi2 [ll], Z(OMe)-Ser-Thr--Met(O)-NHNH2 [l2], Z(OMe)--Gln-
Ser--Tyr-NHNH2 [13], Z(OMe)--Asn-Cys(MBzl)-Tyr-NHNH2 [l4] and Z(OMe)-
Gln-Thr-NHNH2 [15]. The Troc group was removed from the fragment
[10] by treatment with Zn, pr±or to condensation. VJith N-methyl-
pyrrolidone-5% H20 as eluent, gel-filtration on Sephacryl S-200 was
employed for purification of Z(OMe)-(RNase 69-l24)-OBzl contaminat-
ed with the acyl component used in excess during the coupling.
   '       '                                             /tt
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     Following the synthesis of the protected hexatriacontapeptide
ester corresponding to bovine pancreatic RNase A fposition 89-124>
the author herein describes further chain elohgation to the pro-
tected hexapentacontapeptide ester, Z(OMe)-(RNase 69-124)-OBzl,
performed by succesive condensation of six peptide fragments, from
[10] to [15], as shown in Scheme 3. '
     The protected hexapeptide hydrazide derivative, Z(OMe)-
Asp(OBz1)--Cys(MBzl)-Arg(MBS)-Glu(OBz1)--Thr-Gly-NHNH-Troc [10],
(position 83-88), was synthesized according to Scheme 3-a. The gly-
cine residue at position 88 can be chosen as the racemization-free
condensation point. Therefore, it was initially planned to prepare
the protected hexapeptide without protection of the carboxyl group
and couple this unir by Dcc in the presence of HoBT19)to the rela-
                      '"ttvely large amino'component, R-(89-124)-OBzl. However, considering
                   '            '   tt    '               '              '     '            '              '                    '       '                                    'tt                  'Scheme 3-a.
                   '
  Synthet±c scherne of the protected hexapeptide
   hydrazide derivative, Z(O"5e)-(RNase 83-88)-
                             'NHNH-Troc [10].. ' ･
      Z (OMe) -Asp(OBzl) -ONP --
Z (OMe) -Cys (MBz1) -ONP
Z (Ob4e) -Arg (MBS)
Z(OMe)-Glu(OBzl
Z(OMe)-Thr-OPCP
      H-Gly-OH
      H2NNH-Troc
        OBzl MBzl rv!Bs         Il;Z (OMe) -Asp
        OBzl MBzl MBS         i;iZ(OMe)-Asp
         OBzl･
--Cy --Arg-Clu-Thr-Gly-NHNH-Troc'             oBzi J



































































　　 　　 　　 　　 　　 　　 　







































































the various preferable features of the Rudinger's azide coupling
         21)            in the present synthesis, it was decided to adopt aprocedure
substituted hydrazine to prepare this hydrazide containing
Asp(OBzl) and Glu(OBzl), since the usual hydrazinolysis of esters
           ttcan not be applied. Troc-NHNH2 ±ntroduced by Kiso and Yajima in'ig7i85)met the present requirements, since the Troc group can be
removed by treatment with zn?6)w±thout affecting the side chain
protecting groups; Z(OMe), Z7 Bzl, l![Bzl, and MBS?O)The known sub-
stituted hydrazines, Z-NHNH:Z)Boc-NHNH2e8)Tri-NHNH2?9)picoc-NHNH20)
did not fulfil this requirement.
     Thus, Z(O)Ce)--- Glu(OBzl)--Thr-Gly-OH prepared in a stepwise man-
                       '                  'ner was converted quantitatively, by the DCC plus HOBT condensa-
tion19)with Troc-NilNH2, to the ctystalline hydrazide derivative,
Z("OMe)-Glu(OBzl)-Thr-Gly-NHNH-Troc. This fragment, after NCX-depro-
tection with TFA6})was allowed to condense with Z(OMe)-Arg(MBS)-
OH?O) a new agrinine derivative bearing the protecting group remov-
able 'by MsA?2)by means of the bNp method?1) By monitoring on tlc,
the reaction was performed in 81% yield without isolation of the
active ester. This is the first time during the synthesis, that an
arginine residue has been incorporated into the chain. To the re-
sulting protected tetrapeptide, Z(OMe)-Arg(MBS)-Glu(OBzl)-Thr-Gly-
NHNH-Troc, two amino acid derivatives, Z(OMe)-Cys(MBzl)-OH and
Z(OMe)-Asp(OBzl)-OH, were succesively introduced by the NP active
ester procedure64)to give the protected hexapeptide hydrazide de-
                           'rivative [10], from which the Troc group was smoothly removed by
Zn in acetic acid. The last trace of contaminated zinc acetate was
removed by EDTA. The purity of Z(OMe)-Asp(OBzl)-Cys(MBzl)-Arg(MBS)-
Glu(OBzl)-Thr-Gly-NHNH2 was confirmed by tlc, e!emental and amino
                    tt           '
                                          '.., ,:2;.iga,g:Z!gg ig2MilkgwnSerEi,l2･5:2.EgN,"lil.li,gli,g.Eg.02rS2:,82I82)･
available active ester, Z(OMe)-Ser-OPCP, without particular diffi-
 '
                               -40-
culty as shown in Scheme 3-b.
            ' '              '           ' '                           '                         'Scheme 3-b.
                                          '                       '  Synthetic scheme of the protected tripeptide




       z(oMe)-Ser-Ile-Thr-NHNH2
               ttt                             '             '     In the next fragment, Z(OMe)-Ser-Thr-Met(O)-NHNH2 [12] (posi--
tion 77-79), the methionine residue was protected as the sul--
phoxide37)according to the previously mentioned strategy. xn addi-
tion to the two hydrophilic amino acid residues, serine and threo-
nine, Met(O) derivatives are usual!y very water soluble compounds.
Therefore, it was decided to oxidize methionine at the last stage
of the synthesis, instead of starting with Z(OMe)-Met(O)-OMe. The
tripeptideester,Z(OMe)-Ser--Thr-Met-OMe prepared using available
active esters, Z(OMe)-Thr-OPCP and Z(OMe)--Ser-OPCP, was exposed to
the action of tetrachloroauric (II) acid according to Bordignon
et ai?3)as shown in scheme 3--c. oxidation with hydrogen peroxide37)
gs,sn,zw.n,.;o.:.2.i:,¥eg.(2',.xi;g.z.;klgh?s)g::t#:t'"zgg'2.2.zi.sgi,pe:z;
time. The author was interested in this reagent, which stereospeci-
fically oxidizes the sulphur atom of methionine. When examined on
tlc, the reaction seemed to becompletedwithin 3 hr at 40? However,
because of its water solub±lity, it was not possible to isolate
the desired compound in an analytically pure form. The crude pro-
duct contaminated with some inorganic salt was converted to the
corresponding hydrazide [12], whieh permitted to ascertain its
                                                '         'homogeneity. '
                                -41-
Scheme 3-c.
Synthetic scheme of the protected tripdptide
 hydrazide, Z(OMe)-(RNase 77-79)-NHNH2 [l2]･
      Z(OMe)-Ser-OPCP･
Z(OMe)-Thr-OPCP--
H-Met-OMe
                          o         Z (OMe) -Ser-Thr-Dl!et-NHNH                                   2
     The next fragment, Z(OMe)-Gln-Ser-Tyr-NHNH2 [13] (position 74--
76),was prepared starting with the known dipeptide ester, Z-Ser-
Tyr-oMe?5)wh±ch,after hydrogenolysis, was condensed, in an ice-
bath, with Z(OMe)-Gln-OH by DCC in the presence of HOBT. The puri-
fled tripeptide, Z(OMe)-Gln--Ser-Tyr-OMe, free from a dehydro deriv-
ativeZ5)was converted to [13] in the usual manner as shown in
Scheme 3-d.
.Sgt!}s}!gg-2;g-,heme3-d.
Synthetic scheme of the protected tripeptide
 hydrazide, Z(OMe)-(RNase 74-76)-NHNH                                            [l3]                                           2
      z`oMekIi･l･iiii･glii]
.
z(oMe)-Gln-Ser-Tyr-NHNH2
     Next, it was attempted to introduce the sequence 69-73 as one
unit by condensation of Z(OMe)--Gln-Thr-NHNH2 [15] (position 69-70)
with H-Asn-Cys(MBzl)-Tyr-OMe. The former dipeptide hydrazide [15]
was found to be a compound less soluble in DMF. Thus, it was de-
cided to use building blocks in a stepwise manner. Z(OMe)-Asn-
                                     'Cys(MBzl)-Tyr-NHNH2 [14] (position 71-73) was prepared according
                                 '   '     '                             -42-
to the scheme 3-e. Z(OMe)-Cys(MBzl)--Tyr--OMe was prepared by the
DCC condensation procedure as usual and this, after the TFA treat--
ment, was allowed to react with Z(OMe)-Asn-ONP. The resulting tri-
peptide ester was converted to [14･] as usuai.
                                           '' ''
   Synthetic scheme of the protected tripeptide
    hydrazide, Z(OMe)-(RNase 71-73)--NHNH2 [14].
Z (OMe) -Asn--ONP
Z (OMe) -Cys (MB zl) -OH
H-Tyr-OMe
       tyIB z l
         z(OMe)-Asn-Cys-Tyr-NHNH2
               '                                   1･               '     rn order to synthesize Z(OMe)-(RNase 69-124)-OBzl, six frag-
ments thus obtained were assembled according to Scheme 3. Each
azide condenSation was performed with 2.5 to 3.5 fold excess of the
azide component in a solvent system in most instances of DMSO--DMF. '
Compared with the bondensations described in the preceding section,
the amount of the azide was thus increased to .bring every condensa-
tion to completion. After repeated precipitation from DMSO with
                                                        'methanol, the desired products were isolated in thin layer chroma-
tographically pure form and their homogeneities were assessed at
each step by amino acid analysis, in which the recovery of phenyl-
alanine was used as a standard (Table 3).
     In the course of successive azide condensations, there existeq
however, some problems of rernoving the excess unreacted azide com-
ponent. It is worthwhile to mention that estisnation of purity by
                                                                  'amino acid analysis is often difficult, as were found in the case
of fragments [11] and [12]. Serine and threonine decomposed to some
extent during the acid hydrolysis and Met(O) was mostly converted
to met6ionine. Isoleucine (3 moles) gave a low reeovery, because of






















































































the presence of !le-Ile bond (position 106-107), which resisted
even 72 hr's hydroiysisei-C' 82)Thus, after these two coupiing
steps, ratios of these newly incorporated amino acids to phenyl-
alanine had some uncertainty. Ithen a preliminary run was carried
out, it was noticed that after two successive condensations of [13]
and [14], recoveries of aspartic acid, tyrosine and glutam±c acid
were higher than those predicted by theory and that of threonine
                                                            'as welZ, after condensation of [15]. Each product exhibited some
                  'tailing on tlc. Simple･precipitation procedure seemed hopeless for
yielding a pure compound. Ge!-filtration on Sephadex LH-20 or 60
had proven to be a useful tool for purification of protected pep-
tides on previous occasions. But, as the molecular weight of the
peptides increased as in the case of Z(OMe)-(RNase 69--124)-OBzl,
LH-20 or 60 proved to be ineffective. Galpln et al?4)re'commended
                                                              'the use of Enzac,ryl K-2 (D}CF or NMP) and Sephadex G-SO (H}IPA-
5% H20) for larger peptides. In the present studies, it was found
that partial separation of a contazninant could be achieved by the
use of Sepharose CL-6B (DMSO-5% H20) or even better by Sephacryl
S-200 (N]YIP-5% H20) (Fig. 2). Ac±d hydrolysis of the main product
obtained in the latter gave amino acid ratios predicted by theory;
the material obtained from the side Peak revealed the presence of
amino acids consisting predominantly of positions 69-82 (Table 3').
     The result indicated that such contamination was initiated by
successive chain elongation of Ser-Ile-Thr [11], which was failed
to remove completely during the purification of Z(OMe)-(RNase 80-
124)-OBzl. It showed that even a small azide can give occasionally
a rearrangement product which is difficult to remove by single pre-
                                                      '                ./                                                           'cipitation procedure.
                                                              '     Referring to such observation in a preliminary run, next pre-
parative runs were performed with particular care for purification
of Z(OMe)-(RNase 80-124)-OBzl, as well as Z(OMe)-(RNase 77-124)･-'
OBzl, taking the isoleucine recovery of the purified sample of '.'
                              -45-
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Z(OMe)-(RNase 69-124)-OBzl (Ile!Phe =2.4, after48 hr's hydrolysis)
as a marker.'Though a sharp single spot on tlc in the solvent sys-
tem of n-BuOH-AcOH-AcOEt-H20 (!:1:1:1, v/v) is still one of the
guide for examining routinely the purity of protected intermedi--
ates, the author decided to examine the purity, in addition to
amino acid analysis, by column chromatography on Sephacryl S-200
at the stage of Z(OMe)-(RNase 69-!24)--OBzl. Here is the good check
point for establistment of purity of synthetic peptides being car-
ried on by successive condensation from the C-terminal end. A prom-
                                                            'ising tool for purification of relatively large protected peptides
became now available, when discrepancy between observed and theore--
tical values in amino acid compositions is noted. Thus, with very
                              /much confidence, the author was able to prepare 19 g of Z(OMe)-(
I5gase 6g-124)-oBzl with a high degree of homogeneity.
-48-
Section 4. Synthesis of the Protected Tetraoctaconta-
             peptide Ester (Positions 41-l24)
Summary
Commencing with the protected hexapentacontapeptide corresponding
to the sequence of bovine pancreatic RNase A, Z(OMe)-(69-124)-OBzl,
chain elongation was carried out to the tetraoctacontapeptide,
Z(OMe)-(RNase 41-124)-OBzl, by successive azide eondensations of
                          'seven peptide fragments; i.e., Z(OMe)-Cys(MBzl)-Lys(Z)-Asn-Gly-
                                          'NHNH-Troc [16], Z(O>{e)-Asn-Val--Ala--NHNH2 [17], Z(OMe)-Val-Cys(MBzl)-
Ser-Gln-Lys(Z)-NHNH2[18], Z(OMe)-Asp(OBz1)-Val-Gin-Ala-NHNH-Troc
[19], Z(OMe)-Glu(OBzl)-Ser-Leu-Ala-NHNH-Troc [20], Z(OMe)-Phe-Val-
His-NHNH2 [21], and Z(OMe)-Lys(Z)--Pro-Val-Asn-Thr--NHNH2 [22]. The
                                   'Troc group was removed from the fragments, [16], [19] and [20], by
                           '                    'treatrnent with Zn, prior to each condensation. TLC assessment of
the homogeneity of the products was not possible, due to lack of a
suitable solvent systems. Ratios of newly incorporated amino acids
in the acid hydrolysate to that of phenylaianine, however, gave an
ftnportant clue to purity. The purity of Z(O}4e)-(RNase 41-124)-OBzl
was confirmed by gel-filtration on Sephacryl S-200.
1
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     In the preceding section, the synthesis of the protected hexa--
pentacontapeptide ester, Z(OMe)-(RNase 69--l24)-OB.zl, was described
together with column chromatographic purification procedure for the
protected peptides on Sephacryl S-200. In this section, the author
describes the synthesis of the protected tetraoctacontapeptide
ester, Z(OMe)-(RNase 41-124)-OBzl, which was obtained by further
chain elongation with seven peptiqe fragments as shown in Scheme 4.
     The seleeted tetrapeptide fragment , Z(Oble)--Cys(MBzl)-Lys(Z)-
Asn-Gly-NHNH-Troc [16](position 65-68), contains the Asn-Gly bond.
As pointed out by Grdf et al?5)and Riniker et al?6) this particular
Asn residue has a great tendency to undergo preferential deamina-
tion under alkaline conditions. This fact let to the structural
revisions of por6ine and human adrenocorticotropins?5'96)This indi-
c"ates that the hydrazide can not be obtained unambiguously by the
usual hydrazine treatment of the corresponding ester. Thus the sub-
stitutea hydrazine. Troc--NHNH285)mentiondd'previously, was applied
to the synthesis of this fragment. As shown in Scheme 4--a, Z(OMe)-
Asn--ONP was allowed to condense with H-GIy.-NHNH-Troc?7)The result--
ing dipeptide, Z(OMe)-Asn-Gly-NHNH-Troc, was treated with TFA61)
and,after neutralization with Et3N, was coupled to Z(OMe)-Lys(Z)-･
oH via the 5--chloro-s-quinolyl ester procedure98)to give z(oMe)-
Lys(Z)-Asn-Gly-NHNH-Troc. This compound was alternatively prepared
by the Dcc-HOBT condensation19)of Troc-NHNH2 with Z(OMe)-Lys(Z)-
Asn-Gly-OH prepared similarly, but starting with glycine. In the
latter procedure, the yield of Z(OMe)-Asn-Gly--OH was only 38%. Con-
densation of Z(OMe)-Cys(MBzl)-OH with the TFA treated sample of the
above tripeptide derivative by the Np method65)affotded [16], from
                           'which the Troc group was removed by Zn to yield the protected
tetrapeptide hydrazide, Z(OMe)-Cys(MBzl)-Lys(Z)-Asn-Gly-NHNil2.
     The same tetrapeptide hydrazide unit was selected by Jenkins
et al.el-C)for the preparation of Boc-(RNase 65-85)･-OMe. Although
they mentioned the base-labil±ty of the Asn-Gly bond, hydrazine




















































































































Synthetic scheme' of the
 hydrazide derivative,
 NHNH-Troc [16]
   Z (OMe) -Cys (MBzl) -ONP




           H-Gly-NHNH-Troc
              MBzl Z              el Z(OMe)-Cys--Lys-Asn-Gly-NHNH-Troc
              MBzl Z' i .
              it   z ( OMe) -Cys---Lys-Asn-Gly-NHNH2
        tt "treagment of the e rapeptide ester was performed and again the
above heneicosapeptide ester was exposed to hydrazine to prepare
the corresponding hydrazide. Independently, alternative syntheses
of the fragments, 65-68 and 65-72, were reported?9)After the syn-
                                      'thesis of fragment [16], the author noted a report of Meienhofer
et al.100)in whtch protected peptides with the free carboxyl group
were converted to the hydrazides by DCC and hydrazine in the pre-
             19)sence of HOBT. .              The author is convinced that the procedure employed
above is the most suitable method for the preparation of base-sen-
sitive hydraz±des, because the risk of deamination accompanying
exposure of such peptides to strongly basic hydrazine could be e-
1iminated.
     The subsequent fragment, Z(OMe)-Asn-Val-Ala-NHNH2 [17] (posi-
tion 62-64), was prepared by condensation of Z(OMe)-Asn--ONP with
H-Val-Ala-OMe derived from the Z(OMe)-derivative described in Sec-
tion 2, followed by the usual hydrazine treatment without particu-
                                             'lar difficulty as shown in Scheme 4-b. .
     In order to synthesize the protected pentapeptide hydrazide,
                                'Z(OMe)-Val-Cys(MBzl)-Ser-Gln--Lys(Z)--NHNH2 [18] (position 57-61),
 '              ･ -52-
Scheme 4-b.
Synthetic scheme of the protected tripeptide
                             'hydrazide, Z(OMe)-(RNase 62-64)-NHNH2 [l7]
                                               tt        ttZ (OMe) -Asn--ONP
   Z (OMe) -Val-OH
         H-Ala-OMe
     z(OMe)-Asn-Val-Ala-NHNH2
                                 ''
two dipeptide units, Z(OMe)-Cys(MBzl)-Ser-NHNH2 and H-Gln--Lys(Z)-
OH prepared by the NP rnethod respectively, were joined together
by the Rudinger's azj.de procedure, as shown in Scheme 4-c. Espe-
cial!y, the latter dipeptide with the free carboxyl group was ob--
tained easily in a pure form, 'rather than the methyl estex. Intro-
duction of Z(OMe)-Val-OH by the NP method followed by methylation
and subsequent hydrazinolysis gave fragment [18]. Although this
fragment has a sterically hindered valine res±due at the N--termi-
nus, it did not particularly interfere with the condensation of
the subsequent fragment [19].
Scheme 4-c.
Synthetic scheme o£ the protected pentapeptide
 hydrazide, Z(OMe)--(RNase 57-61)-NHNH2 [l8]
Z(OMe) -Val --ONP
Z (OMe) -Cys (MBzl) -ONP
     H-Ser-OMe
   'Z (OMe) -Gln-ONP
 '     H-Lys(Z)-OH
            MBzl             'Z (OMe) --Val-Cy
      zs-ser-Gln-Lys'-NPNH2
-53-
     The adjacent fragment, Z(OMe)-Asp.(OBzl)-Val-Gln-Ala-NHNH-Troc
5121,li2og.i:.::,i.i:61.w,a.E,$rlfi.gea,;gd.?gs'g: gh,g..ais..og. g.bgt2'Egieg,2y-
                                                    ''usual NP method was used to introduce Z(OMe)-Gln-OH, Z(OMe)-Val-OH
and Z(OMe)-Asp(OBzl)-･OH in a stepwise manner. From the resulting
protected tetrapeptide derivative [19], the Troc group was removed
with Zn as mentioned above to yield Z(OMe)-Asp(OBzl)-Val-Gln-Ala-
NHNH .    2
  Scheme 4-d.
                      '  '  Synthetic scheme of the protected tetrapeptide
   hydrazide derivative, Z(OMe)--(RNase 53-56)-
   NHNH--Troc [19]
 ta     Z (OMe) -A sp (OBzl) -ONP
     Z (OMe) -Va1-ONP
     Z (OMe) --Gln-ONP
             OBzl              '     Z(OMe)-Asp
             OBzl              'Z (OMe) -Asp-Val
     The next fragment
(position 49-52),
ing with the same
Troc. As shown in
OH were introduced by
azide procedure.
resulting tetrapeptide
           H-Ala-NHNH-Troc
      -Val-Gln-Ala-NHNH-Troc
                       l
             -Gln-Ala-NHNH2
               , Z(OMe)-Glu(OBzl)-Ser-Leu-Ala-NHNH-Troc [20]
                 contains Glu(OBzZ). This unit was prepared start-
               substituted hydrazine derivative, HrAla-NHNH-
               Scheme 4-e, Z(OMe)--Leu-OH and Z(OMe)-Glu(OBzl)-
                   the NP method and Z(OMe)-Ser-NHNH2 by the
                Treatment with Zn removed the Troc group from the
                      derivative [20] without difficulty to yield
               'Z(OMe)-Glu(OBzl)-Ser-Leu-Ala-NHNH2. ･ .                                                                 ',,..,i.;2Mel;.::e;X2illl"lg':l'-IN",:.g;.:2.tl,(:2,Sg':IR.,4-,6M28,B,Y:fi,2:e,P:;:2.
                              -54-
  Scheme 4--e.
                                         'Synthetic scheme of the protected tetrapeptide
    hydrazide derivative, Z(OIvle)--(RNase 49-52)--
    NHNH-Troc
     z (O]vle) -Glu (OBzl) -ONP
     z(oMe)-Ser-NHNH2
     Z (OMe) -Leu-ONP
           H-Ala-NHNH-Troc
             OBzl     Z (OMe) -Clu-Ser-Leu-Ala--NHNH-Troc
             OBzl' Xt
             1     z(oMe)-Glu-Ser-Leu-Ala-NHNH2
hydrogenolys,is, was condensed with z(oMe)-phe-bH by' Dcc95)The
duet, after treatment with methanol in the presence of acetic
                            67)                            , was converted to the hydrazidefor the reason stated earlier





Synthetic scheme of the protected tripeptide
 hydrazide, Z(OMe)-(RNase 46-48)-NHNH2 [21]
Z(OMe)-Phe-OH
      z-va1-oH
     H-His-OMe
     z (oMe) --Phe--Val-His-NHNH2
                                               '
      '     The next fragment, Z(OMe)-Lys(Z)--Pro-Val-Asn-Thr-NHNH2 [22]
(position 41-45), was prepared by the PCP active ester condensa-
tion76)of z(obce)-Lys(z)-pro--oH with H-val;Asn-Thr-oMe. The former
active ester is the known compoundi02)and the iatter was newiy syn-
thesized by two successive NP condensations starting with H-Thr-OMe
                             -55-
as shown in Scheme 4-g.The
sequently converted to [22]
  Scheme 4-g.
                'Synthetic scheme of the
   hydrazide,
     Z(OMe)-Lys(Z)-OQCI
protected pentapeptide
by the usual hydrazine
ster was sub-
treatment.
         protected pentapeptide
z(OMe)-(RNase 4l-45)-NHNH2 [22]
            H-Pro-OH
      Z (OMe) --Val-ONP
      Z(OMe)-Asn-ONP
           H-Thr --OMe
              4
     z (oMe) --
 te
     The
cording to the Scheme 4
principally by the same
section, some technical
the lengthening of the
activity,solubility and
     !n the course of
ment [16] through [20],
of an acyl component
pletion; however, this
fragments [21] and [22].








   ,Lys-Pro--Val-Asn-Thr-NHNH2
                     '     '                           .'                                          'necessary fragments thus obtained were then assembled ac-
              . Although these reactions were performed
             azide procedure mentioned in' the preceding
               problems came to take place accompanying
              peptide chain with special references to re--
               homogeneity of the products.
             stepwise azide condensations from the frag-
               a single addition of 3.0 to 3.5 equivalents
            was sufficient to bring each reaction to eom-
             was not the case for the condensations, of
            !n these instances, after the reaction at
              of further azide (2 equiv.) was neeessary to
               As the chain lengthens, the ratg of the
             decreases, presumably due to a decrease in
             the amino components. This tendency seems to
              1±ty of protected peptides, as well as Nct-
                          '             Every condensation had to be performed in a
      solvents, DMF-DMSO-NMP or DMF-DMSO-HMPA. No single
                     tt        -56- '
solvent succeeded in solubilizing an amino component in an ice-
chiUed solution, required for the azide reaction.
     Poor solubility of synthetic peptide intermediates causes some
advantages and disadvantages in the synthes±s. Because of great
difference in so!ubilit±es between larger protected products and
                                             'smaUer activated carboxyl components used in excess during the
                           'coupling, the latter could be removed readily by repeated precipi-
tation of the peptide from DMSO with rnethanol, except in the case
of Z(OMe)-(RNase 41-124)-OBzl. The contaminant derived from the
fragment [22] was found less soluble in methanol. In this instance,
                                 'it was possible to purify the desired compound by precipitatton
from DMSO with DMF, though some compound was sacrificed into a
mother liquid.                        '          '     Despite certain advantages of a relat±vely insoluble peptide
as mentioned above, a serious problem was encountered because it
was not possible to find suitable solvent systems for tlc. At the
step whexe the fragment [l6] was introduced, the protected peptides
and even the Nor-deprotected peptides remained at the origin of the
plate in all the solvent systems examined. At th±s stage, the au--
thor lacked a useful too! for the assessment of homogeneity of the
peptides, as well as for monitoring the progress of reactions. The
expectations for tlc were thus greatly limited. However7 at least,
it was possible to detect the ninhydrin colour as a guide of coupl-･
ing reactions and exam±ne the presence or absence of acyl compo-
                                                        'nents in isolated products. .
     The increased insolubility of the larger peptides resulted in
a corresponding difficulty in the assessment of the homogeneity of
the peptides. Here, the ratios of newly incorporated amino acids
in acid hydrolysate to that of phenylalanine gave a very important
      'clu-e. It is , of course, very important to confirm that observed ,
amino acid ratios are not due to occasional contamination of an
unreacted amino component and an acyl component. In this respect,
                              -57-
ratios of phenylalanine and leucine furnish additional information
about the homogeneity of the peptides, since one mole of leuc±ne
was first introduced with fragment [20]. Combination of tlc and
amino acid analysis played a very important role in assessing the
purity of the peptides obtained from successive condensations. In
addition, the purity of Z(OMe)--(RNase 41-l24)-OBzl was checked by
gel filtration on Sephacryl S-200. At th±s atage, it seemed to be
suitable to perform such gel-filtration, since some diff±culty was
observed in removing the acyl component. This place is the 2nd
check point of purity by chromatograph±c means. The synthetic
tetraoctacontapeptide ester emerged from a column as a single'com-
                                          ttponent. Its amino acid rat±os and those of intermediates which were
synthesized under conditions mentioned above are listed in Table 4.
  liIt is concluded that within the limit of experimental error, these
values matched those predicted by theory. Thus, ca. 13 g of '
Z(OMe)-(RNase 41-124)-OBzl, with a high degree of homogeneity, was
synthesized.
     Among the intermediates mentioned above, the corresponding
sequence 65-124 was taken as an amino component for the condensa-
tion with the sequence of 21-64 by Jenkins et alel-C)Arnino acid
ratios of Boc-(65-124)-OH were given, but with no diagnostic amino

































































































Section 5. Synthesis of the
              tions 21-l24) and
              (Positions l-20)
Pyotected S-Protein (Posi-
 the Protected S-Peptide
Summary
Starting with the protected tetraoGtacontapeptide corresponding to
the sequence of bovine pancreatic RNase A, Z(OMe)-(41-124)-OBzl,
the protected S-protein, Z(OMe)-(RNase 21-124)-OBzl, was synthe-
sized by successive azide condensation of six peptide fragments;
Z(OMe)-Asp(OBzl)-Arg(MBS)-Cys(MBzl)--NHNH-Troc [23], Z(OMe)-Arg--
(MBS)-Asn-Leu--Thr-･Lys(Z)--NHNH2 [24], Z(OMe)-Met(O)-Lys(Z)-Ser--
NHNH2 [25], Z(OMe)-Asn-Gln--Met(O)-NilNH2 [26], Z(OMe)-Asn--Tyr-
gZ,S$22.IL-¥ III"z,Ri7,lg,!g2M2.l-geg-.g22.-i2r,-lge.IIIII? E28,lg,l:.Zd,g18,`22j-
Thr-Ala-Ala-Ala--Lys (Z) -Phe-Glu (OBz1) -Arg (MBS) -Gln-His-Met (O) -Asp-
Ser-Ser-Thr-Ser-Ala-Ala-NHNH2, by assembling three subunits; A(14-
                                       '20), B (9-13) and C (1-8).
'
-6O-
     Subsequent to the synthesis of the protected tetraoctaconta-
peptide ester, Z(OMe)-(RNase 41-124)-oBzl, th±s peptide chain was
elongated to the protected tetrahectapeptide, Z(OMe)-(RNase 21-
!24)-OBzl, termed the protected S-protein, by successive azide con--
densation2i)of reiativeiy smaii six peptide fragments, as shown in
                          '       'Scheme 5. In addition, the protected eicosapeptide hydrazide, Z-
                                      '                '(RNase l-20)-NHNH2, termed the protected S-･peptide, was synthe-
           's±zed. In this section, a deta±led account of experiments involved                                 '     'in these syntheses ±s described.
     It was first planned to construct the N-terminal portion of
the protected S-protein by add±ng fragments3 [23], [24], [25] and
                 'two additional subunits, Z(ODCe)-Ser-Ser-Ser-Asn-TyrTNHNH2 (21-25)
                           ''and Z(OMe)TCys(MBzl)-Asn-Gln--Met(O)-･NHNH2 (26-29). The preliminary
experirnents indicated that the Rudingerts azide condensation of the
latter proceeded satisfactorily, but for some reasons, the final
condensation of the former subunit onto the amino component pos-
sessing the Cys(MBzl)-Asn- unit at the N-terminal portion, did not
proceed quantitatively, even with the use of a large excess of the
                                      'acyl component. In the acid hydrolysate oE the isolated peptide,
recoveries of the newly incorporated amino aedds remained at about
76%, indicating that the product was heavily contaminated with the
unreacted amino component. If such a product is submitted to sub-
                            'sequent coupling reactions, it is obvious that the product wiU be
contaminated with a failure sequence. At earlier stage of the syn-
theses, each condensation reaction was driven to compietion by use
of an excess of acyl component. Removal of the unreaeted acyl corn-
ponent was the main consideratipn in obtaining homogeneous pro-
ducts. Zn the present sitiuations, the reactivity of the amino com-
ponents has significantly decreased and removal of unreacted mate --
rial has become extreme!y difficult. It is absolutely necessary
to drive the reaction as near to completion as possible, even by
                                                      'the use of a !arger excesses of acyl components, preferably those

































































































































































































wi.tha higher reactivity. To this end, the above two peptides was
subdivided into three subunits; [26], [27] and [28], as shown in
Scheme 5.
     The necessary fragment, Z(OMe)-Asp(OBzl)-Arg(MBS)-Cys(MBzl)-
NHNH-Troc [23] (position 38-40), was prepared in a stepwise man-
ner starting with H-Cys(MBz!)--NHNH-Troc as shown in Scheme 5--a.
The Dcc p!us HoBTi9)and the Np procedures64)were empioyed to intro-
duce z(OMe)-Arg(MBS)-OH30)and Z(OMe)-Asp(OBzl)-OH respectively.
From the resulting protected tripeptide [23], the Troc group85)was
removed, as usual, bY treatment with zn in acetic acid86)to yieid
                                       'z(OMe)-Asp(OBzl)-Arg()C]S)-CYs(MBzl)-NHNH.2. ' '
  '                                '                  '' '
 Scheme 5-a.
 Synthetic scheme of the protected tripeptide
  hydrazide derivative, Z(OMe)-(RNase 38-40)--
  NHNH-Troc {23].
z (OMe) -Asp (OBzl) -ONP
Z (OMe) -Arg (MBS) -OH
           H-Cys(MBzl)-NHNH-Troc
                    '              Bzl MBS MBzl   ( ) t T     Z (OMe ) -Asp-Arg-Cys-NHNH-Troc                      l
       ･ OBzl b6BS MBzl              i tt  z (OMe) -Asp-Arg-Cys-NHNH2
     The next fragment,
'[24](position 33-37), was also prepared '
without protection of the C-terminal end.
Z(OMe)-Leu-Thr--Lys(Z)-OH, prepared by the
respectively, were easily purified by the
Z(OMe)-Asn-OH was then introduced by the
Z(OMe)-Arg(MBS)-OH by the DNp method?l)
                              'the corresponding active ester was not '
              '                     '                              -63--
Z(OMe) -Arg (MBS) -Asn-Leu-Thr-Lys(Z) -NHNH2
             m a stepwise manner, but
                Z(OMe)-Thr-Lys(Z)-OH and
                active ester procedures,
               extractiQn procedure.
             NP method, as usual, and
               In the latter instance,
isolated and the progress
of the reaction was monitored by tlc. Thus, possible intramolecular
iactam formationl03)of Arg(MBs) was suppressed. The resu;ting
                                                                 'pentapeptide was esterified and subsequently exposed to hydrazine
                                                            'to give the desired hydrazide as shown in Scheme 5-b. '
                                 '     '                    '
  Scheme 5-b.
  Synthetic scheme of the protected pentapeptide




     Z(OMe)-Thr-OPCP -
  ve           H-Lys (Z) --OH-
                     '             bfBS
     Z (OMe) -Arg
     The tripeptide
(position 30-32), was
Met-Lys(Z)-Ser-OMe
the NP eondensation was
                    37)of hydrogen peroxide or
viously for the '
Section 3. A convenient
rivative is now available.
stereomerie rnixture of
     In order to prepare
[26] (position 27--29), the
aforementioned oxidant,
stage. The resulting
Z(OMe) -A sn-Gln-)4et (O) -OMe
hydrazide [26] by the
            4
 -Asn-Leu-Thr-Lys-NHNH2
              '   hydrazide, Z(OMe)-Met(O)--Lys(Z)-Ser-NHNH2 [25]
         /t     prepared according to Scheme 5-c. Z(OMe)-
                                   65)                                      followed byprepar d by the DCC condensation
                                        59)                                          insteadoxidized by sodium metaperiodate7.
                        93)         tetrachloroauric (IZ) acid,                          adopted pre-
preparation of Z(OMe)--Ser-Thr-Met(O)-NHNH2 [12] in
      proc dure for the preparation of Met(O) de-
        This mild oxidation produces a dia-
       s lph xides, but little sulphone.
       th  f agment, Z(OMe)-Asn-Gln-Met(O)-NHNH2
           methionine residue was oxidized by the
       so ium metaperiodate, at the dipeptide
                         'dipeptide, Z(OMe)-Gln-]Y[etCO)-OMe was taken to
          by the NP method and subsequently to the
     usual hydrazine treatment as shewn in Scheme
            '               -64-
5-d.
 Scheme 5-c.
 Synthetic scheme of the protected tripeptide
   hydrazide, Z(Orvle)-(RNase 30-32)-NHNH2 [25].
                            'Z (OMe) --Met-OH
     z (oMe) -Lys (z) -oH
           H-Ser-OMe
             oz             tt   Z (Ob4e) -Me -Lys-Ser-NHNH                               2
  Scheme 5-d.
  Synthetic scheme of the protected tripeptide
   hydrazide, Z(OMe)-(RNase 27-29)-NHNH2 [26].
Z(OMe)-Asn-ONP
Z (OMe ) -Gln-ONP-
H-Met-OIYte/
                            j                      o     z(oMe)-Asn-Gln-Met-NHNH2
                                                     ' Z(OMe)･-Asn-Tyr-Cys(MBzl)--NHNH2 [27] (position 24-26) is a
fragment which was selected for the reason stated earlier. Z(OMe)-
Asn-Tyr-NHNH2 was condensed via the azide with H-Cys(MBzl)-OMe and
the resulting tripeptide ester'was converted to the hydrazide [27]
    '                                                           'as usual, as shown in Scheme 5-e. '
     The N-terminal tripeptide unit, Z(OMe)-Ser-Ser-Ser-NHNH2 [28]
(position 21--23), was prepared by two successive azide condensa-
tions followed by the usual hydrazine treatment as shown in Scheme
5-'fe
                                '     The successive azide condensations of six peptide fragments
preparedeas mentioned abovelwere performed according to Scheme
5. In the azide condensations of [23] and [24], two additions of
                                                           ' '                                         .                                   '                            -65-
'
Scheme 5-e.
Synthetic scheme of the protected tripeptide
 hydrazide, Z(OMe)-(RNase 24-26)-NHNH2 [27].
                                                    '   Z(ODvle) -Asn-ONP i ･ ･                         '  '         H-Tyr-OMe ' ' '
         H-Cys (MBz1) -OMe -
    z <oM6) -Asn-Tyr-llllyl:i-NHNH2
            '
Scheme 5-f.
                   tt                                         'Synthetic scherne of the protected tripeptide
 hydrazide, Z(OMe)--(RNa'se 2l-23)-NHNH2 [28].
ve
z (oMe) -Ser -NHNH2
z (oMe) --Ser-NHNH2
H-Ser-OMe
     z(oMe) -Ser-Ser-Ser -NHN H2 . .
      '
 '                                                 ttacyl components (3 + 2 equivalents) in 72 hrs" interval were suf--
ficient to bring the respective reactions to completion, as men-
tioned in the preceding section. The next condensation of [25] was
similarly perforrned and the reaction mixture becarne almost nin- '
hydrin negatlve. When a part of the product was isolated at this
stage and submitted to amino acid analysis, incorporation of an
acyl component was found to remain at about 80%. Even after puri-
fication by repeated washing and precipitation, these situations
were not improved. In order to avoid laborious purif.ication pro-
blems, after 48 hr, the 3rd shot of an acyl component (2 equiva-
lents) was added to drive the !ast 20% of the react±on to comple-
tion. Based on these experiences, the subsequent condensation of
[26], [27] and [28] were performed using 9 to 12 equivalents of an
acyl component in each step. Each reaction was started with 5 to 6
                                 '                        '            '･ -66-
equivalents of an acyl component and after 72 hr, the 2nd azide (2
equiv.) was added, w±th which the reaction mixture became almost
ninhydrin negative. rn order to secure the complete condensation,
the 3rd azide (2 equiv.) was added for the fragment [26] and [27],
and the 4th azide (2 equiv.) for the fragment [28]. Amino acid ra-
tios in acid hydrolysates of the protected S-protein and the inter-
mediates which were siynthesized under conditions mentioned above
are listed in Table 5. These values were judged to match well with
those predicted by theory. Phenylalanine, in addition to leucine,
stUl played a very important role as a diagnostic amino acid for
assessment of homogeneities. Any Rf valuds of these compounds could
not be recorded because of the unavailability of su±table solvent
                                    'systems for tlc. In order to obtain additional proof for the homo-
geneity of synthetic Z(OMe)-(RNase 21-124)-OBzl, the sample was
submitted to gelrfiltration on Sephacryl S-200. When e!uted with
                                            '                                  'DMSO-5% H20, the desired compound emerged from the column as a
single component, thereby excluding the possibility of eontamina--
tion by acyl components. (Fig 4). ･
                                                               ''     After successive condensations of 28 peptide fragments and
column chromatographic examination at three points (positions 69,
41 and 21), 4.9 g of the protected S-protein of a high degree of
homogeneity was obtained. Hirschnann et ai4.i-e)preptired the pro-
tected S-protein by the azide condensation of two fragments, Boc-
(21-64)-NHNH2 and H--(65-124)-OH, and this material without purifi--
cation and characterization, was submitted to the f±nal deprotec-
tion. No information about the coupling yield and the purity of the
protected S-protein was given.



















































































       Z(OMe)-(RNase 21-l24)-OBzl
      on Sephacryl S-200
  O.D. 275 nrn
2.0
1.0
20 40 60  Tube No.80 IOO120
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'     Following the synthesis of the protected S--protein, the au-
thor synthesized the S-peptide in a form of the protected hydrazide,
expecting to reach the final goal by single azide condensation.
                                                                   'ig,sgd..2g,IR:,eg::l.lieg,zpsgr.x::.t'2:,::dg,bg-;.i;2:sd.s.:2d,et':.:2i,k,abo'
brought about full regeneration of enzymic activity (RNase S'),
Hofmann et all04)synthesized s-peptide in lg66, using protecting
groups removable by TFA and claimed the semi--synthesis of RNase S',
after combination with natural S-protein. Information about struc-
ture-function relationships of S-peptide was presented by theabove authorsl05)and othersl06) '
                                           ' '                        'The protected S-peptide hydrazide, Z-(RNase l-20)-NHNH2, was,
synthesized, with the aid of the substituted hydrazine, by the con-
                                                     '"･                                                           'densation of three building blocks as shown in Scheme 6.
     The C--terminal heptapeptide fragment, Z(OMe)-Asp(OBut)-Ser-
Ser-Thr-Ser-Ala-Ala-NHNH-Troc, Z(OMe)-(RNase 14-20)-NHNH-Troc [A],
           ''           'was prepared according to the Scheme 6-a. Z(OMe)-Ser-Ala-Ala-NHNH-
           'Troc was prepared in a stepwise manner by the active ester proce-
dure, to which Z(OMe)-Ser-Thr-NHNH2 and Z(OMe)-Ser-NHN}l2 were con-
densed successively via the azide procedure. Next, Z(OMe)-Asp(OBzl)-
OH was added on to the resu!ting hexapeptide. However, when ex-
posed to Et3N, the protected heptapeptide gave heterogeneous spots
on tlc. This phenomenon seems due to succinimide formation of the
Asp(oBzl)-ser unit as pointed out by Bodanszky et all07)Therefore,
Z(OMe)-Asp(OBut)-OH was instead introduced and both protecting
groups was removed by TFA, prior to the next condensation.
     The middle fragment, Z(OMe)-Glu(OBzl)-Arg(MBS)-Gln-His-Met(O)-
NHNH-Troc, Z(OMe)-(RNase 9-13)-NHNH-Troc [B] containing Glu(OBzl),
was synthesized starting with H-Met(O)-NHNH-Troc as shown in Scheme
6-b. .z(oMe)-Gln-His-NHNH297)was then introduced via the azide,
Z(OMe)-Arg(MBs)-oH by the mixed anhydride method66)and z(oMe)-
Glu(OBzl)-OH by the NP method respectively. From the resulting
















































































Synthetic scheme of the protected heptgpeptide
 hydrazide derivative, Z(OMe)--(RNase l4-20)-
 NHNH--Troc [A]
   Z (OMe) -Asp (OBut) -ONp
   Z (OMe) -Ser-N HNH                 2
   z (oMe) -Ser--NHNH2
       H-Thr-OMe
   Z(OMe)-Ser-OPCP
   Z (OMe) -Ala-ON P
       H-Ala-NHNH-Troc
            t         9Bu   Z (OMe) -Asp-Ser--Ser-Thr-Ser-Ala-Ala--NHNH-Troc
Scheme 6-b.
..--.-----.-.--..
Synthetic scheme of the protected pentapeptide
 hydrazide derivative, Z(OMe)-(RNase 9-13)-
 NHNH-Troc [B]
   Z (OMe) -Glu (OBzl) -oNp
Z (OMe) -Arg (MBS) -OH
Z (OMe) -Gln--ONP
    H-His-OMe
    H-Met(O)-NHNH-Troc･
       QBzl MBS Oz (oMe ) -dlu-Arg-Gln-His-Met--NHNH-･Troc
       CE3zl MBS J O
z (oMe ) -dlu--Arg-Gln-His-5cet--NHNH2
pentapeptide [B], the Troc group was removed with Zn, as usual, to
yield Z(OMe)-Glu(OBzl)-Arg(MBS)-Gln-His-Met(O)-NHNH2･
    The N-terminal octapeptide hydrazide, Z-Lys(Z)-Glu(OBut)-Thr--
Ala-Ala-Ala-Lys(Z)-Phe-NHNH2, Z-(RNase 1-8)-NHNH2 [C], contains
                        -72-
the glutamic acid residue. And Glu(OBut) was applied, instead of
                                                        108)Glu(OBzl), sSnce this ester resists the action of hydrazine .
                                      'As shown in Scheme 6-c, Z(OMe)-Ala-Ala-Lys(Z)-Phe--O)4e was prepared
in' a stepwise manner by either the DCC or NP method and two dipep-
tide units, Z(OMe)-Thr-Ala-NHNH2 and Z-Lyz(Z)--Glu(OBut)--NHNH2, ' ･
were successively condensed to it: Finally, the resulting octapep-
tide ester was converted to the corresponding hydrazide in HMPA-
MeOH, because of its poor solubility in DMF.
 Scheme 6-c.
  Synthetic scheme of the protected octapeptide
   hydrazide, Z-(RNase 1--8)-NHNH2 [C]
             '   :::¥X[gbG2?:.,1
                 '     z(oMek::2g:gRgpJ
Z (OMe) --Lys(Z) -OH-
                                 .z                                   {.  Z-Lys-Glu-[ehr-Ala-Ala-Ala-Z,ys--Phe-NHNH2 ' '
     According to seheme 6, successive azide condensations of three
fragments led to the formation of the protected eicosapeptide deri-
                                                        '      tttvative, from which the Troc group was removed with Zn in a mixture
         '                     'of HMPA--NMP-acetic acid. The Troc group from this relatively large
fragment wassfor some reasonlnot removed in DMSO-acetic acid. As
mentioned above, the side chain of the aspartic acid residue at
position 14 was free in the protected S-peptide. Homogeneity of the
protected S-peptide was assessed by tlc, amino acid and elemental
analyses. Thus the two peptide units, necessary to construct the
                             -73-
Z (OMe) -Ala-ONP
Z (OMe) -Ala-ONP





acid sequence of RNase A,






 in the follow-
N
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Section 6. Synthesis of RNase A with the Full Enzymic
             Activity
Summary
Protected bovine pancreatic I{Nase A was synthesized by the azide
condensation of three fragments; Z(OMe)-(RNase 21-124)-OBzl,
Z(OMe)-(RNase 9--2O)-NHNH2 and Z-(RNase 1-8)-NHNH2.
     After removal of the Protecting grcoups by methanesulphonic
acid, establishnent of the disulphidebridgesby air oxidation,
and purifications by affinity chrornatography and ion-exchange
chromatography on CM-cellulose, a synthetic protein was obtained
which was indistinguishable by chemical and enzymic criteria
from natural RNase A. Comparable results were also obtained, when
HF was used as a deprotecting reagent. The unambiguous synthesis
of a protein with the full enzymic activity has thus been accom-
plished for the first time.
-75-
     In the preceding sect±on, the synthese.s of the protected S-
protein, Z(OMe)--(RNase 21-i24)-OBzl,and the protected S-peptide,
Z-(RNase 1-20)-NHNH2, which cover the entire amino acid sequence
of bovine RNase A have been described. In this section, the syn-
thesis of the protected RNase A, removal of all protecting groups
and subsequent establishment of the disulphide br±dges are de--                                                                 'scribed. A synthetic protein, thus obtained, is indistinguishable
from natural bov±ne RNase A by several chemical criteria, as well
as enzymic assay using specific substrates. '
     As an initial approach to the synthesis of the protected
RNase, the azide condensation21)of z-(RNase 1-2o)--NHNfl2 and th6
                      'TFA treated sample of Z(OMe)--(RNase 21-124)-OBzl was performed. In
spite of the earlier expectation, this approach encountered great
di"fficulty in driving the react±on to completion. The reaction re-
mained ninhydrin positive, even after two additions of 6 equiva-
                                             'lentsof the acyl component at 72 hr intervals. Acid hydrolysate of
                '                              'the ±solated product revealed the incorporation of the S-peptide
protion in only Ca. 22%. The author, therefore, returned to the
original strategy, ±.e., building up the peptide backbone with
small fragments, rather than condensation of the eicosapeptide to
the S-protein in one step.
     As described in Section 5, the protected S-peptidewas synthe-
sized with three fragment, i.e., Z-(RNase 1-8)-NHNH2 [C], Z(OMe>-
(RNase 9-13)-NHNH-Troc [B] and Z(OMe)-(RNase 14-20)-NHNH-Troc [A].
With these available fragments, the most effective route was next
                        '                      '
     Among possible routes, it does not seem advantageous to submit
fragment [A] to condensation wiht the S--protein unit, since this
fragment sti!1 carries the base sensitive Asp(OBut)-S'er-se- .
quencel07'109)Thus, the fouoNeing route was judged to be the method
of choice: condensation of two subunits [A] and [B] to prepare ･
Z(OMe)"h'(9-20)-NHNH-Troc and, after removal of the Troc grou8p5,'86)










































































































































































































condensation with TFA treated S-･protein to obtain Z(OMe)-(9-124)-
OBzl and condensation of [C] to obtain Z-(1-124)-OBzl, as illus--
trated in Scheme 7.'
     Condensation of Z(OMe)-Glu(OBzl)-Arg(MBS)-Gln-His-Met(O)--
NHNH2, derived from [B], with the TFA treated sampie of Z(OMe)-
Asp(OBut)-Ser-Ser･-Thr-Ser-Ala-Ala-NHNH-Troc [A] proceeded smoothly
as described in Section 5 to produce the protected dodecapeptide,
Z(OMe)-Glu(OBzl)-Arg(MBS)-Gln･-HiS-Met(O)-Asp-Ser-Ser--Thr-Ser-Ala-
Ala-NHNII･-Trocl from which the Troc group was removed by zne5'86)
The resulting dodecapeptide hydrazide, Z(OMe)-Glu(OBzl)-Arg(!y[BS)-
Gln-His--Met(O)-Asp--Ser-Ser-Thr-Ser-Ala-Ala-NHISff{2 [29] (position
9-20) was selected as one fragment for the synthesis of RNase. As
mentioned in Section 5, the B-carboxyl proteeting group of Asp was
 "removed during the TFA treatment to suppressorr)Brearrangement in
the following reaet±ons.
  ･ Chain elongation of the S-protein unit was next earried out
aecording to Scherne 7. [lhe Z(OMe) group was removed from Z(OMe)-
(21-124)-oBzl by treatment with TFA61)and the Nct-deprotectedpeptide
was dissolved in a solvent mixture,(D]![SO-H]vrPA). As mentioned in the
preeeding section, no single solvent dissolved the Nor-deprotected
peptide. After neutralization with Et3N, this amino component was
submitted to condensation with 10 equivalents of the acyl compo-
nent derived from Z(OMe)-(RNase 9-20)-NHNH2. After 72 hr, an addi-
tional 10 equivalents of the acyl component was added. After an
additional 48 hr, the reaction mixture became almost ninhydrin
negative, when tested by a tlc scanner. In order to drive the
coupling reaction to completioh, two times of 5 equivalents of the
azide were further added at suceessive 24 hr intervals,After7days,
the product was isolated by precip±tation from DMSO by addition of
MeOH and purufied by gel-filtration on Sephacryl S-200 w±th DMSO-
H20 (95:5) as eluate (Fig. 5-a). The unreacted aeyi component used
in excess was easily separated from the desired produet. Tlc exam-



























































































jJnation of the product was still unsuceessful, since it stayed at
the origin on the plate with all solvent systems examined. However,
no contamination of the acyl component was found by tlc. Arnino acid
ratios in the acid hydrolysate revealedthe incorporationof theacyl
component in nearly 100%, when the recovery of Phe or Leu (2 res-
idue each) was taken as a standard of ealculation. Next, Z(OMe).-
                                                                  '(9-124)-OBzl, thus obtained, was su.bmitted to the final condensa-
tion with Z-(RNase 1-8)-NHNH2 [30],[C]. The condensation reaction
was performed in essentially the same manner as mentioned above
with a total of 30 equivalents of the acyl component. The product
                                                        '       t.was purified by gel-filtration on Sephacryl S-200 with DMSO-H20
(95:S) as eluate (Fig. 5-b). The unreacted acyl component was
clearly separated from the desired protected RNase. .
 h     Zn this final condensation, one residue of Phe was incorpo-
rated into the chain. Amino acid composition of the protected
RNase could also be calculated by taking either the recovery of
Leu or that of Phe as a standard. Two moles of Leu were incorpo-
rated into the peptide chain at position 51 and 35 and the ratios
of Leu(2) and Phe(2)' were in excellent agreement with each other,
prior to final condensation. Their ratios, Leu(2)!Phe(3), were now
found to be !.9713.00. The coupling efficiency in the final step
could be judged to be quantitative (Table 6).
     Starting with 1.6 g of the protected S-protein, O.98 g of the
protected RNase with a high degree of homogeneity was obtained.
Within the 30 successive fragmentcondensationsperformed in the
present synthesis, the most !aborious step was the condensation of
a relatively large fragment [29] with the )ft-deprotected S--protein.
                                                      ''Each of the 30 fragments and their 97 intermedia'tes were fully
characterized by elernentai analysis. Fragment condensations were
performed at least three times in each step to obtain enough mate-
rials. Products obtained were all examined by amino acid analysis.
Consequently, it is emphasized that the present synthesis of the

































































































 protected RNase was supported by the accumulation of considerable
 chemical evidences as described in Section 1-6.
     As stated in Section lr deprotection with methanesulphonic
          22)acid (MSA)            was the initial strategy for the present synthesis of
RNase. Prior to the deprotection, the first problem was the re-
covery of cysteine from Cys(bfi]zl) by this acid. In the presence of
various cation scavengers, Z(OMe)-Cys(MBzl)-OH was treated with
MsA, as wen as HF25)for comparison and the treated samples were
examined by amino acid analyses. When the sample was treated with
MSA in the preSence of anisole or m-cresol, nearly quantitative
recovery of cysteine was obtained, however the treated sample in
the presence of thioanisole or other sulphur eompounds gave sever-
al unidentified peaks and recovery of cysteine remained less than
"75%. Thus it became apparent that cation scavengers play an im-
   'portant' role for the satisfactory recovery of cysteine from Cys-
          '(MBzl) in the MSA deprotecting procedure. It seems worthwhile to
mention that the HF-anisole deprotection gave some side products,
but a satisfactory result was obtained when the HF-m-cresol system
was employed. Considering also the recent investigation of the
scavenger system reported by Lundt et al.,llO)as win be mentioned
later, it was decided to try two methods of deprotection, i.e.,
MSA and HF with m-cresol as a cation scavenger. '
     In this connection, the next problem was the occastonal ap-
                                            'pearnce of an unidentified peak on the short column of an amino
                                'acid analyser with a retention tkne of 28 minutes, when aeid hydro-
'lyses of protected peptides containing Cys(MBzl) are performed in
the presence of phenollli)The synthetic protected RNase was tound
to give this unidentified peak under these conditions. Through
                                                                   'model experiments7 th±s compound was identified as p-hydroxyphenyl-cysteine38)derived from the sulphoxide of cys(MBzi) in the 6N HCI-
                '                                                       'phenol system. The identical product was obtained when the sul- /-
  'phoxide of Z(OIY[e)-Cys(MBzl)-OH was exposed to MSA, as well as HE,
                                       '                           '                                       '          '                                                     '         '
in the presence of phenol. When this treatmeht was performed in the
                       'presence of anisole, p-methoxyphenylcysteine was obtained in both
                                                 'acidoiytic deprotections. Z(OMe)-Cys(MBzl)-OH with no sulphoxtde
gave no such side product, even in the presence of phenol or ani-
                       '
                       '     These results suggested that the Cys(MBzl) ･residue of the syn--
thetic protected RNase were partially oxidized to the corresponding
sulphoxide during the synthesis and satisfactory recovery of
cysteine could never be expected, unless reduced prior to deprotec-
               '                                        '   '       'tion. The use of thiophenol as a reducing agent overcame this dif-
ficulty. However, under this condition, Met(o) residue3s7'38)were '
                   'also reduced back to Met, thus removing its protective property
frogi attack by carbonium cations derived from exposing the Z, Bzl,
or MBzl group with MSA. Fortunately, the S-alkylated compounds if
formed, can be removed by incubation with thiol compounds.112)
                    'Therefore, it seemed that, in addition to the reduction of the sul-
                                                    'phoxide of Cys(MBzl) prior to deprotection, selection of m-cresol
as a scavenger, instead of anisole, was one of the elements, which
                 ttguided the synthesis of RNase to a successful completion...
     As shown in Chapter 2- Section 3, in the MSA-anisole system,
the methyl group of anisole is transformed to Met to form S-methyl-
                   31)Met sulphonium salt,                    however, the MSA--cresol has no property as
an alkyl donor. Furthermore, m-cresol ts more efficient than ani-
sole in suppressing not only the side reaction of Cys(M]]zl) men-
                                                 'tioned above, but also another side reaetion invo!ving the modifi-
cation of Tyr residue57'58)during the MsA and HF deprotection,
i.e., partial O-sulphonylation of Tyr from Arg(]lfBS) and the partial
intermolecular alkylation at the 3 position by attack of carbonyl
cations derived from the protecting groups. The intramolecular
alkylation from Tyr(Bzl) is a well known serious side reaction?8)
However, the present synthesis is free of the latter problem, since
                                                      'unprotected Tyr was used. .
                                                                  '                '             '       '
     As was pointed out, m-cresol suppressesmostside reactions
which may occur during the }([SA deprotection. :n addition, in de-
protection with acid , one has to take accounts of the N->O
                   ''shift at the Ser and Thr residues. The side reaction was mentioned
in the HF deprotectioni13'll4)and also pointed out in the MsA de--
protection by sitijino et ai..ii5)A miid base treatment is known to
                        'be effective to reverse this rearrangement. Another possible side
reaction is the or )Bre6rrangement Asp(oBzl) or Asp(oBut)I07,109)
And the protecting group was removed from Asp at position 14 ad--
                                                                 'jacent to Ser, since this residue is known to cause side reactions
of this type.Though, suztiki et aili6)mentioned iittie ten'dency in
      'the MSA deprotection, complete prevention of such side reaction
         '              'seems impossible. '･ ' ･' '                    '"     The protected RNase was treated with thiophenol go reduce the
partially formed sulphoxide of Cys(MBzl),using Z(O)4e)-Cys(MBzl)(O)-
            'OH and Z(O}Ce)-Met(O)-OH as the markers. The Met(O) residues were
                                                                  '                'also reduced under these conditions. F±rsti, the MSA deprotection is
descr±bed.                                              '               '      '     Under a nitrogen gas atmosphere, the reduced peptide was ex-
posed to MSA in the presence of m-cresol at 250 for 60 minutes.
The amount of the scavenger was estimated as 20 equivalents for
      'each protecting group (33 protecting groups). Thus a total of 660
equivalents were employed. In order to remove many protecting
                                                       'groups, i.e., 8 x Cys(ly[Bzl), 4 x Glu(OBzl), 1 x Glu(OBut), 4 x
Asp(OBzl), 4 x Arg(MBS), 10 x Lys(Z) and the N-and C-terminal
                                           'protecting groups, Z and Bzl, this treatment was repeated. Somewhat
                             'drasticconditions seemed necessary to completely remove so many
'                            'protecting groups, otherw±se it is apparent that one,would have a
complicated mixture of partially deprotected peptides. The de-
protected peptide was then reduced with 2-mercaptoethanol and di-
thiothreitol in O.2M Tris-HCI buffer containing 41![ guan±dine HCI
at pH 8.6. This pH value was the one selected by Anfinsen and
                      '                               -84-
     48)        for reductive cleavage of the disulphides of natural bovineHaber
RNase. This basic condition seemed suitable to reverse any possible
N -) O shift at the Ser and [rhr residues. This treatment was
                              'also , effective for reduction of remaining Met(O), if present, and
for removal of the S-alkyl gyoups from the Met residues, if such
                                 'products wefie formed during the deprotection.And aggregated disul-
                      'phide complex, if formed, could then be reduced during this treat-
               '                                          '
                  '               ' . The reduced product was next isolated from the reducing rea--
  '                                            'gent by ge].--filtration on Sephadex G-25 with O.IN AcOH as eluate.
                     'The reduced product emerged from the column as a single component
and the eluates of the desired fractions were then diluted in O.05
M Tris-HCI buffer at pl･I 8.2 to a concentration of O.02 mg!ml. The
                                                  ttdilute solution was kept standing at 250 for 2 days to establish
'the 4 intramolecular disulphide bridges18'l17)The progress of the
oxidation was rnonitored by Enman's reagent.ii8)The entire soiution
was concentrated by lyophi12zation and the oxidized product was
                                  '                                    'thendialyzed against distilled water for desalting. Sorne water-
insoluble material, presumably highly aggregated products or mate-
rials still bearing protecting groups, was removed at this stage.
The oxidized product was then isolated by gel-filtration on
                              'Sephadex G-75 with O.05M NH4HC03 as eluent (Fig. 6-a). The oxidized
product, thus obtained, was found to have 9-12% of the activity of
                          119)                          . Starting with the protected RNase,natural RNase on yeast RNA
the yield of this crude, but active product was 54%. Gutte and
Merrifie!d9) attempted, in the first run ., to purify the depro-
tected peptide through the corresponding S-sulphonate. The pre-
                                                         120)liminary test indicated that the oxidative sulphitolysis                                                         ne-
cessary to prepare the S-sulphonate converted Met to Met(O) in 10%.
                                                       'Thus, it was felt that this procedure would be effective to puri-
fy Cys-beptides which contain no Met, such as insulinZ)but not ap-
                           'pllcable to the present synthesis.
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     Next, it was decided to purify the crude, active product by
affinity chromatography on Sepharose-(4B)-5'-(4--aminophenylphospho-
ry!)-uridine-2'(3')-phosphate according to vifilchek 'and G eekie9)
This punication procedure worked nicely (Fig. 7-ka). The material
isolated from the fractions which passed through the coluTnn with-
out retention was inactive. The product eluted with O.2N AcOH ex--
      'hibited an activ±ty of 74 to 82% against yeast RNA, when examined
at three different concentrations.
                                            tt     The yield of this purified step was 14%. Tkus, to reach this
point, approximately 92% of the material was sacrificed during the
conversion of the inactive protected peptide to the enzynatically
active product. Various side reactions involved in the deprotec-
                                              '         'tion and the miss--leading disulphide bridge formation may be the
main reasons responsible for lowering the yield.･
                                                              '   '     Disc electrophoretic examination of the active component at
pH 4.3 revealed the presence of a s±ngle band, matched with that
of natural RNase and an adjacent, faint band. When amino acid
                                      'compositions in the aeid hydrolysate of active and inactive com-
pounds were compared, no signifieant differences were observed,
                                                    'except for recoveries of Tyr and Cys (Table 6).1 RecoVeries of
these amino acids in the active component were mueh closer to
those of naturaZ RNase, compared to those of the inactive compo-
nent. The activity at this stage is nearly equivalent to that
reported by Gutte and Merrifield?)They reported that the super-
natant of the ammonium sulphate fractionation of the trypsin-
resistant material exhibited an activity of 78%. This solution,
wli ich was estimated to contain O.41 mg of a protein, was claimed
as the most active component they obta±ned. However, this fraction
was not chemically characterized.
     !n order to remove the trace contaminant revealed by disc-
electrophoresis, the affin±ty purified sample was submitted toion-exchange chromatography on cM--ceuuioseli7'a)The chromatograL
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phic pattern eluted by a gradient with pH 7.5, O.IM sodium phos-
phate buffer revealed the presence of a major peak Wtth a small
sihoulder to the fore (Fig 8--a). The smali front fract±ons were
liscarded. The main fractions were desalted by gel-filtration on
Sephadex G-25 and the product was examined by disc electrophoresis
and amino acid analysis. The purified product behaved as a single
:omponent in the fieid of disc electrophoresis at pH 4.3 and its
nobility was identical with that of natural RNase. The amino acid
:ompositions of the synthetic protein was fimally in excellent
agreement with that of natural RNase, ±ncluding those of Tyr and
Cys residues (Table 6). [I]he synthetic protein with high degree of
homogeneity exhibited essentially the same activity as that of
natural RNase, when yeast RNA was used as a substrate and measured
at three different concentrations. The values which obtained were
                       '   '         '   ' Next,' the physicochemical properties and biological activities
of the synthetic protein were examined. Zt w.as first confirmed that
the elution pattern of the synthetic protein from the CM-cellulose
column was comparab!e to that of natural RNase. In addition to the
d±sc-electrophoretical mobilities of both compounds, it was con--
firmed that the specific rotation, UV absorption and Michaelis
constant of the synthetic protein were coincident with those ofnatural RNasel17'-a, 121) .                                          t tt
     In order to examine further the specific enzymatic act±vity
of the synthetic protein, the activity against 2',3'-cyclic cyti-
              122)                 was examined. Results coTnparable to that of natu-dine phosphate
ral RNase were obtained in this assay. The synthetic protein had
no ability to digest caif thymus DNAI23)Thus, the specific activi-
ty of the synthetic enzyme was ascertained by three different
assay systems. .                                   '     In order to confirm the results obtained from the MSA depro-
tection, HF deprotection was conducted in the presence of m-cresol
                              -8 9･-
Fig. 8.
Purification of the affinity purified
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and the product was treated in the same manner as mentioned above.                      ,The crude air-oxidized product isolated by gel-filtration on Sepha--
                                      '                    'dex G-75 (Fig. 6-b) possessed a slightly higher activity (17%) than
that of the MSA deprotected product, though the amount of water-
insoluble material was somewhat greater than in the former instance.
The affinity purified product (Fig.7-b) was as active as that of
                                 ''the MSA deprotected product (82%). After purification on CM-cellu-
                                   'lose (Fig. 8--b), the fully active component was obtained in
nearly the same yield.
                                     '     From the experimental data cited above, it can be ascertained
              ''that the synthetic protein has a high degree of homogeneity and
                                      tttpossesses physicochemical properties and specific enzymatic aeti-
vity comparable to those of natural RNase. !t is coneluded that
the unambiguous synthesis of a protein with full activity has thus
been accomplished for the first time.
                                t
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Summary
     Bovine pancreatic ribonuelease A which consists of 124 amino
acids was synthesized by conventional method using the methane-
                   'sulphonic acid deprotecting procedure at the final stage. Synthetic
protein was indistinguishable from natural ribonucleasie A by several
                                       ''chemical criteria (electrophoretic mobility, ultraviolet spectra,
specific rotation) as well as enzymic assay using specific sub-
strates for ribonuclease A (yeast RNA, 2',3'-cyclic cytidine
phosphate).
     This ±s the first synthesis of the protein with the full
enzymic activity of ribonuclease A.
-92-
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                                                              '
              '
Chapter 2. Examination of Deprotecting Reagents･for
              Peptide Synthesis - - '
  Section 1, Trifluorornethanesulphonic Acid, as a De-
       ･ . protecting Reagent in Peptide Chemistry
GENERAL PROCEDURE 'Treatment of Amino Acid derivatives with TFMSA, ' .
     Each amino acid derivative (1 rnmol) was dissolved at 200 in
methylene chloride or TFA (9,2 ml) eontaining anisole (!,5-3 equiv,
) and TFMSA (5-10 equiv.) was added. A part of the solution was
subjected to quantitative amino acid analysis, The results were
listed in the Text, .. - .
                                            '  ' Section 2. Methanesulphonic Acid, as a Deprotecting
               Reagent in Peptide Chemistry
GENERAL PROCEDURE . .                                                  'reatment of Arnino Acid Derivatives with Sulphonic Acids, ----------
                                                            '    Treatment of amino acid derivatives (1 mmol) with bromocamphor
ulphonic acids ( IO equiv,) was performed in the presence of ani-
ole (1.5-5equiv.) at 200 for 30 rRin, As a solvent, TFA (9,2 ml)
as etnployed. Treatment of amino acid derivatives with MSA (100
quiv,) was performed in essentially the same manner as described
biOsVt2a 2.:C::g £Oexrtlhat no soivent was empioyed. The resuits were





































                                                                 'Section 3. Exarnination of Methanesulphonic Acid Proce-
                   '   dure for the Synthesis of Peptides Contain-
               ing Methionine . . '                                    '
GENERAL PROCEDURE . .                        13                          C-nuclear magnetic resonance (CMR) wereChemical shifts in
                                    ''measured with respect to internal dioxane and converted to the
Me4S`,2:aC2."i.]'".;.;.h2,tg:Mgi.',,iyeggiR5.gggx,g2:'t,6kgl.:;"5., .,
                                                'value refers to the fo!lowing solvent system. Rfl n-BuOH-AcOH-Pyr-
                                                      'idine-H20 (4:1:1:2).. . ' ･ . ･ ･ ,     Et:!lg!l}XELIgg!!Mthlth D th lhonate. . -.                                                '             '(a) Treatment of Met.' A mixture of Met (O.5 g), anisole (1 ml,
2."8 equiv.) and MSA (3 ml, 14 equiv.) was kept on standing at Toom
temperature (220). When monitored by tlc, Met (RflO.48)disappeared
completely within 24 hr and a new single spot (Rfl.O.1) wasdetected.
Dry ether was added and the resuZting oily precipitate was washed
three tirnes with ether. Treatment of the residue with EtOH afforded
a crystalline compound, which was recrystallized from EtOH; yieid
851 mg (72%), m.p. Ig6-2olO, [or]g4 + 16.60 (c,1.o in s% AcoH).'
IR vmaxcmhl 1715 (CO), 3400 (NH). proton magnetie resonance (pMR):
                   tt(D20): 6 2.80 (6H, s., IY[e), 2.97 (6H, s., Me), 3.89 (IH, t., ct--CH),
2.40 (2H, m., CH2), 3.48 (2H, m., CH2). CMR (dioxane):6 170.9 (CO),
51.9 (CH), 39.9 (CH2), 39.4 (CH2), 25.5 (Me), 25.2 (Me). (Found: C,
27.lg; H, 5.88; N, 3.97; S, 26.76. C6H14N02S.CH3S03.CH3S03H re-
quires C, 27.03; H, 5.96; N, 3.94; S, 27.06%). This compound
                                                                   'emerged from the short colurm of an amino acid analyser between His
                                                                '    ttand ammonia peaks (retention time 27 min.) and can be converted to
         ttt                                         'homoserine by treatpaent with IN NaOH at 800 for 3 hr.
                                                                  '(b) Treatment of Z-Met-OH. A mixture of Z-D4et-OH (540 mg), ani-
                                                                  'sole (1 ml) and MSA (3 ml) was kept on standing at room tempera-
ture for 24 hr. The product, m.p. 192-1970, isolated similarly was
     '                          '                  ' '        '                        '                  ･' -95- ,                                         '
!nd identical with the methanesulphonate obtained in (a) by com-
'ison with their !R spectra; yield 467 mg (69%), lsolation of the
,enzylsulphonium salt was unsuccessful and its formation could
                                  'ibe detected by tlc, ' ' ' / ･ '                                 ' Pre arati-onximfrom S-Mp.th lmethionine Iodide･ To
                     32Lethylmethionlne iodide <200 mg) in H20 (2 in1)
ed solution of pierie acid to give a yellow
     ' washed with a small amount of H20 and recrystall
eous EtOH; yield 264 mg (62%), m,p. 154･-1560
i,' I ,9 ,; , Nfi , i,5 : g,3 ,i ii ; ,5gi,3 ,' , Cs", ig N, ,02, ,Si C6}i2N3 97
  The above dipicrate (510 mg) was dissolved
ution, after washing -with ether until the ether
orless? was concentrated to dryness under reduced
ve the dimethanesulphonate (r), which was recrystallized
E; yield 231 mg (79%), m,p, 199-2010, (Found
3-69:II)e . ･' '' '                ' Treatment of rCet with TFMSA.-A mixture of
sole (1 ml) in 33% TFMSA-TFA (3 mZ) was kept
24 hr, Dry ether was added to form an oily precipitate
washed with ether and then dissolved in a small
iturated aqueous solution of picric acid was
 - i-zmg precipita.te was erystallized from 50% aqueous
I g (58%), m.p,154-1560, Zts TR spectra were
;e of the authentic dipicrate obtained above,
                 '･Ethylmethionine Sulphonium Bromide Salt
, a solution of
  was added a satu-
precipitate, which
     ized from 50%
 e (Found: C, 34,81;
 ' eC6H3N307 requires
         '  '
 in 30% aqueous MSA
   lay became
      pressure to
             from
: C, 27,12; H, 6.11;
        ' Met (504 mg) and
          ' at room temperature
    ' ' , whieh
     amount of H20e
 added and the re--
       EtOH; yield
 identical with
(1,50 g) was treated with MSA (15 ml) in the presence of phene--
L (1,5 ml) at room temperature overnight, Dry ether was added
the resulting oily precipitate was. dissolved in H20 (50 ml).
solution was applied to a cloumh of Amberlite CG--120 (H+ formi
10 cm), which-)after washing with H20(100 ml), waseluted withIN
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NH40H, The latter eluates, after addition of 47% HBr (1 ml), was
                  'passed through a column of Amberlite IRA-410 (acetate form, 2 x IO
cm). E!uates were then lyophilized and the residue was treated with
EtOH to give a solid; yield O.9o g (35%), [ct]S6 + 23,30 (c 1.o in
AcOH),(Found: C, 32,98; H, 6,07; N, 5,47; S, 12.89; Br, 31,71.
C7H16BrN02S requires C, 32.56; H, 6.24; N, s,42; s, 12,47; Br,
                                   '                                     '         '                     tt                     '                                            'rdentification of Phenol from Anisole
Amixture of anisole (1.08 g) and Met (2.24 g, 1.5 equiv,) in MSA
(5.8 ml, 9 equiv.) was kept at room temperature overnight artd n-
 '    'hexane and ice were added, The organic phase was washed with 1%
                          ttNaOH, The washing was acidified with 6N HCI , saturat.ed with NaCl
an"d extracted with ether, The ether extract was dried over Na2S04
and concentrated to dryness to give needles; yield O,55 g (59%),
                     'The product was identified as phenol by comparison of their !R
spectra and gas chrornatographic examination, ' ･
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Chapter 3, Total Synthesis of Bovine Pancreatic Ribo-
                                            ''nuclease A ･
                      '  '
                       'General P･roeedures and Materials
                                             '                '               'Melting points are uncorrected. Rotations were determined with a
Union digital polarimeter PM--101,Hydrolyses of protected peptldes
containing Tyr with 6N HCI were performed in the presence of phenol
(ca, 2o equiv.)lii)The amino acid compositions of acid hydroiysates
were determined with a Hitachi amino acid analyser Mode! KLA--5 and
values are uncorrected for amino acid destruetion, Solvents were
                    'gEtehShtiYemdpeirSatti:2do?n4doSgge?rat±ons were carried out in vacuo at a
 ' The Nct･-protecting group, Z(OMe), was eleaved by TFA in the
                        'presence of anisole (2 equiv, or more) in an ice--bath for 45-60 min.
     The DCC and,the active ester condensations were performed at
                                                                   'room temperature (17-250). . . ･ .
     The azide condensation was peirformed according to Honzl and
Rudinger21): To an ice-chilled solution of a'hydrazide in DMF, HCI-
DMF (2 equiv.) was added, followed by isoamy!nitrite (1.1 equiv,),
After stirring for ls to 2o min, whgn the hydrazine test124)became
negative, the solution was neutralized with Et3N (2 equiv,) and
added to an ice-chilled solution of an amino components together
with additional Et3N (1 equiv,), In the azide reaction derived from
                          'g.-s:'.rrn,ggal.:'![h,;:ga.zl.g.es6･,Nsm.g:h,gl:o;g22.il･:2,',g':¥;ga)x,:g.Eg3,¥･;l･y･#E
                              '  'at 40 for 48 hr (in rnost instances), a few drops of AcOH was added
and the solution was concentrated, In the later stage of the syn-
thesis a !arge exeess of the azide component was employed by sub-
                                                                    ''    'dividing into 3 to 4 portions at eertain intervals, For measurement
of a small amout of isoamylnitrite, Et3N and N-methylmorpholine,
Pipetman P200 (G±lson CO.) was used, ' '. '                                                        ttt     A mixed anhydride was prepared aecording to Vaughan and
               '                              '                                                            '･ -98- '
osato66): Isobutyl chloroformate (1.1 equiv,) was added to an ice-
    'chilled solution og a carboxyl component and Et3N (1 equiv,) in dry
THF, After stirring for 20 min, the solution was added to an ice--
                                      'chilled so!ution of an amino component in.DMF.
                                        '     Unless otherwise mentioning, products were pur±fied by either
                                                ''one of the folZowing procedures: ･           '     Procedure A: For purification of protected peptide esters solu-
ble in AcOEt, the extract was washed with 5% citric acid, 5% NaHC03
and H20-NaCl, dried over Na2S04and concentrated, The restdue was
recrystallized or precipitated from appropriate solvents.
     Procedure B: For purification of protected peptide esters less
soluble in AcOEt, the crude product was triturated with ether and
5% citric acid. The resulting powder was washed with 5% citric acid,
5%"NaHC03and H20, and reerystallized or precipitated from appropri-
ate solvents. For purification of His-containing peptides, 3% AcOH,
instead of 5% citric acid, was used for washing,
     Procedure C: For purification of protected peptides with the
free carboxyl group} the crude product was dissolved in 3% ammonia
and the aqueous phase, after washing with AcOEt, was acidified with
citric acid. The resulting powder (if an o±l was obtained, it was
extracted with AcOEt) was washed with 5% citrie acid and H20 and
recrystallized or precipitated from appropriate solvents,
     Thin layer chromatography (tlc) was performed on S±licagel (
Kieselgel G, Merck). Rf values refer to the following solvent sys-
tems; Rfl CHC13-MeOH-H20 (8:3:1), Rf2 CHC13-MeOH--AcOH (9:1:O.5),
Rf3 n-BuOH-AcOH-AcOEt-H2O (1:!:1:1),Rf4 n-BuOH-AcOH-Pyr-H20 (4:1:
1:2), Rfs n-BuOH-AcOH-H20(4:1:5), Rf6 CHC13-CF3CH20H (3:1)･
     For dialysis, ceUulose tubing, VT351 (Lot, No, V9H1874), was
purchased from Nakarai Chemical Co,.For column chromatography, a
fraction col!ector, Dainihonseiki Model DNS-DFC--100, was used. UV
                   ..absorption was measured by. a Hitachi spectrophotometerp Model 200--
20, Hitachi wavelength tunab!e effluent monitor (034-O029) was used
                              -99-
determine the enzymic activity against 2',3'-cyclic cytidine
sphate. For affin±ty chromatography, Sepharose (4B)-5'-(4-amino-
,nylphosphoryZ)-uridine-2'(3')-pho$phate was prepared according
wilchgk and Goreckie9)The following enzymes and substrates were
chased; natural bovine pancreatic RNase (Type 1-A, Lot. No. 47c-
2), 2',3'-cyclic cytidine monophosphoTic acid sodinm salt (Lot.
 76c-7510), bovine pancreatic DNase r (Lot. No. 127c-0347) and
st RNA (Type X!, Lot. No. 124e-8510) from Sigma Chemical Co.,
f thynus DNA (Lot. No. 38N687P) from Worthington Biochem±cal Co.
/
-1OO-
 -Section l. Synthesis of the Protected Pentadecapeptide
               Ester (Positions llO-124)
                                          '                   '                           '      '                                           '     Z(OMe)--Ala-Ser-･OMe DCC (41,20 g, O,2 mol)
was added to a stirred mixture of Z(OMe)--Ala-OH (43,05g, O.17 rnol)
and H-Ser-OMe (prepared from 26,45 g, O.l7 mol of the hydrochloride
                            'with 23.5 ml, O,17 rnol of Et3N) in DMF (300 ml), After 48 hr, the
                   'solution was filtereds the fUtrate was concentrated and the resi-
                             '                         '1:e. g::.;Yi2'gl8d, gr 2g;:rd:f;,"i,52:Ey,?ialgii;tlo2,!r.o'?."so.gt,ga"e
D}fE), Rfl O.81 (Found: C, 54,47; H, 6e32; N, 7,94, Cl6H22N207 re-
quires C, 54.23; H,. 6,26; N, 7.91%). . - ' '
                                      '               '          '          tt  '      '              '                                           '  "tZ:.E±lt:t=±sl:2:itilElizE?(OMe)AiaSerNHNH ･ ･･Toasoiutionofz(oMd)-
Ala-Ser--OMe (25.0 g, 71 mmol) in MeOH (250 ml) was added 80% hydra-
zine hydrate (25 ml, e.4 mol). The precipitate forrned on standing
at room temperature over night was collected by filtration and re-
crystallized from MeOH to give the crystalline hydrazide (24,07 g,
.g6%), m.p, 2to-2nOi. [oc]g2 + ls.sO. (c o,6 in DMso), Rf! o,72 (
Found: C, 51.04; H, 6,29; N, 15,56, ClsH22N406 requires C, 50,84;
H, 6.26; N, 15,81%). ' ･ .･
               ''        '             '     Z(OMe)-Ala-Ser-Val-OBzl ' The azide (prepared from
17.70 g, 50 mmol of Z(OMe)-Ala--Ser-N}INH2) in DMF (85 ml) and Et3N
6.9 ml, 50 nmol) were added to a stirred solution of H-Val-OBzl
(prepared from 14,41 g, 50 mmol of the hydrobromide with 6,9 mlp
50 mmol of Et3N) in DMF (85 ml) andsafter the reaction, the solu-
tion was concentrated, The residue was purified by procedure A '
followed by recrystallization from MeOH to afford the crystal!ine
                                                   22tripeptide ester (16,33 g, 62%), m,p. 146-1510, [or]D -- 29,30 (c
o,6 in MeoH), Rfl O.68 (Found: C, 61,19; H, 6,70; N, 8,09, C27H3s
N30s requires C, 61,23; H, 6.66; N, 7,94%).
                               -1O1-
Z(OMe)-Asp(OBzl)-Ala--Serny-Val-OBzi
:1 (23,71 g, 45 mmol) was treated with
                   'usual and n-hexane was added to form
                          tt; washed with ether, dried over KOH
;solved in DMF (200 ml), together with
                                 'l Z(OMe)-Asp(OBzl)--ONP (29.49 g, 58
 the solution was coneentrated. The
                 'l･ure A and further by column chromatography
, which was eluted with CHCI3-MeOH
.ning.the substance of Rfl O.98 were
L evaporated, The residue was recrystallized
i protected tetrapeptide ester (26,79
g2 -. 12,lo (c 1,2 in DMF)., (Found:
H46N40n reqbires C, 62.11; H, 6,31
          '            '       '             t/tt  Z ( OMe) -Phe-Asp ( OBzl) -Ala--Ser-Val-OBzl
          Z(OMe)-Ala-Ser-Va!-
   TEA-anisoie (30 ml-12 ml)
 n oily precipitate, which
pellets in vacuo for 3 hr and
             'Et3N (12,4 ml, 90 mmol)
        mmol), After stirring for 48
 product was purified by pro-
      o siliea (3 x 35
(8:2. V!V). FTactions con-
 combined and the solvent
         from AcOEt to give
  g, 81%), m,p.. 129-1310,
C, 62,17; H, 6,34; N, 7.59,
; N,. 7,62%),
    '            '            '   , z(oMe) --
(OBzl)- Ala-Ser-Val-OBzl (7,34 g, 10 mmol) was treated with TFA--
sole (7 ml-3 ml) and n-hexane was added, An oily residue was
hed with n-hexane and dissolved in 3,15N HCI-dioxane (3,1 mlp
mmol), After evaporation of the solvents the residue was washed
h n-hexanep dried over KQH pellets in vacuo for 3 hr and then
                                                   'solved in DMF (7e ml) together with Et3N (1,4 ml, 10 mmol), '
Me)-Phe-OH (3.96 g, 12 mmol) and DCC (2,47 g, 12 mmol), After
rring for 48 hr, the solution was filteredt the filtrate was
centrated and the residue was purified by procedure B followed
recrystallization from THF and AcOEt to give a white powder (
5 g, 97%), m,p, 203-2060, [ct];2 .-･13,90 (c O,7 in DMF), Rf2 O,80
und: c, 63,20; H, 6,31; N, 7.91. C47HssNsO12.1!2 H20: C, 63.35;
6,34; N, 7,86%). - ' .                                                             tt
  Z(OMe)-Val-His-OMe Amixed anhydride (pre-
                                      'ed from 45,Ol g, O,l6 mol of Z(O){e)-Val-OH) in THF (250 ml) was
                                                              '                '                                           '
added to an ice-chilled solution of H-His-OMe (prepared from 38,56
g, O,16 mol of the dihydrochloride with 44,2 ml, O,32 mol of Et3N).
in DMF (200 ml), After stirring in an ice-bath for 5 hrt the solu-
tion was concentrated and the residue was triturated with ether,
Batchwise washing with 5% Na2C03 and H20 followed by recrystal!iza-
tion from MeOH and ether afferded the crystalline ester (40.03 g, '
ss%), m,p, 166L167o, [or]g2 + 4,!o (c o,7 in DMF), Rfl o.s4 (Found:
C, 58,22; H, 6,68; N, 12,58, C21H2sN406 requires C, 58.32;.H, 6,53;
                                                           '' '             '                  '                   '               '                       ' Z(OMe)--Val-His･-NHNH2 Z(OMe)-Val-His-OMe (40.02 g,
92 rnmol) dissolved in MeOH (200 ml) was treated with 80% hydrazine
hydxate (2S,7 ml, O,4! mol) at room temperature overnight, The re-
sulting solid was collected by filtration and washed with MeOH to
give a Powder (27,50 g,.69%), m.p, 160-l610, [od;5 -- lo.,80 (c o,s
in DMso)', Rfl O,47 (Found: C, 54,79; H, 6,66; N, 19,31. C2oH2sN60s.
                             '1!2 H20 requires C, 54,41; H, 6,62; N, 19,04%). '
                                '        '        '' '                                tt                     '                                             ''Z(OMe)-Val-His--Phe-Asp(OBzl)-Ala-Ser-Val-OBzl Z(OMe)-(RNase l18-
124)-OBzl [1], . -- Z(OMe)-?he-Asp(OBzl)-Ala-Ser-Val-OBzl
(8.82 g, 10 mmol) was treated with TFA-anisole (12 ml-4 ml) as
usual and n･-hexane was added. An oily residue was washed with n-
hexane, dried over KOH pellets in vacuo for 3 hr and then dissolved
                             '                 'in DMF (20 ml) containing Et3N (1.4 rnl, le mmol), To this iee-
chilled solutioni the azide (prepared from 5,56 g, 13 mmol of
Z(OMe)-Val-His-NHNH2) in DMF (40 ml) and N-methylmorpholine (1,4
ml" l3 mmol) were added, AfteT the reactionp the solution was con-
centrated and the residue was treated with ether .and 5% NaHC03,
The resulting powder was purified by column chromatography on
silica (3 x 35 cm), which was eluted with CHCI3-MeOH-H20 (8:3:l
v!v), Fractions containing the substance of Rfl Q,72 were combined
                 'and the solvent was evaporated, The residue was triturated with
                                                         ' '     '                                                  '                   ' -103r -'
and then recrystallized from THF and ether to give the protect-
Leptapeptiae ester as a powder (8,72 gp 78%), m,p, 190-1930,.･
l2 -･ 18,90 (c 1.0 in DMF), Rfl Oe72 (Found C, 62e41; H, 6e41;
-1,06, CssHnNgO14 requires C, 62.29; H, 6,4o; N, ll.27%).
                '    '                    '       tt Z(OMe)-Pro-Tyr-Val-OMe. The azide (prepared from
;O g, 55 mmol of Z(OMe)-Pro-Tyr-NHNHS9)) in DMF (100 ml) and
I (7.6 ml, 55 mmol) were added to an ice-chilled solution of
Ll-OMe (prepared from 11,20 g, 67 mmol of the hydrochloride
        't9,2 ml, 67 mmo! of Et3N) in DMF (50 ml), After the reaction,
solution was eoncentrated and the residue was purified by pro-
Lre A. Trituration with ether and recrystallizatiQn twice from
:/t afforded the tripeptide ester as a powder (29.42 g, 96%),
                                                            '166-1699', [oe]i:6 -- 49,7e (c O.9 in DMF), Rf2 O.63 (Found: C,
i3; H, 6e7Q; N, 7,51, C2gH37N30s requires C, 62.69; H, 6.71; N,
                                          tt                      '                    '         t ttt                              '
 Z(OMe)-Pro-Tyr-Val--NHNH2, Z(Ob{e)-Pro-Tyr-Val-O]YIe
40 g, 53 mmol) dissolved in MeOH (200 Tnl) was treated with 80%
'azine hydrate (63 ml, 1.0 mol) at 600 for 8 hr. After cooling
i ice, the resulting solid was collected by filtration and pre--
it?I;d.,swg':e,ir,:T :¥i,wli}-y:ge,t?.gs,zoEd,I?;.t[:'ps?gig.: gMgga,,
o.4o (Found: c, 6o.7s; H, 6.79; N, 12,50. C2sH37Ns07 requireS
iO,52; H, 6,71; N, 12,61%),.
   '     '
 Z(OMe)-Pro-Tyr-Val--Pro-OH, The 'azide (prepared from
iO g, 41 mmol of Z(OMe)--Pro-Tyr･-Val--NHNH2) in DMF (100 ml) and
l (5.6 ml, 41 mmo!) were added to an ice-chilled solution of
 (7,Ol g, 61 mmol) in H20 (30 ml) containing Et3N (8.4 rnl, 61
-), After stirring for 24 hri the mixture was concentrated qnd
residue was purified by procedure C. Trituration with ether
                                   '       -104- . ･                                             '
and recrystallization twice frorn AeOEt and ether afforded a powder
                                  25(20.66 g, 80%), m.p. !37--1410, [oc]D - 57,OO (c O.8 ip DMF), Rf2
                                      'o,26 (Found: c,. 61.55; H, 6,94;N, 8.48e C33H42N40g･1!2 H20 re'
quires C, 61.l9; H, 6.69; N, 8.65%).
Z(OMe)-Asn-Pro-Tyr-Val--Pro--OH, Z(OMe)-(RNase 113-117)-OH [2].
. Z(OMe)-Pro-Tyr-Val-Pro-Oll (17.30 g, 26 mmol) was treated
with TFA-anisole (35 ml-IO ml) as usual and dry ether was added,
                        'The resulting powder was dried over KOH pellets in vacuo.for 3 hr
                                                                   ''and dissolved in DME.(100 ml) together with Et3N (8,O ml, 58 mmol),
HOBT (6.10 g, 29 mmol) and Z(OMe)-AsnrONP (l2,IO g, 29 mmol), After
                       t tt                                    'stirring for 24 hrp the mixture was concentraFed and the residue '
was purified by pTocedure C followed by recrystallization twice
 "I;zm,,M:?g.a:2,ft:,og:,t?.?ige-ty2,:go?lcs?g :.:"sire,lt"2I slgsi`.?l
O.20. Amino acid analysis (Numbers in parentheses are theory): Asp
                                     '          '                              ''1,OO(1)? Pro 2.ll(2), Tvr O.96(1), Val O.93(1), average recoverv
                            '                                      'go% (Found: c, s7,8g; H, 6,42; N, IO,72. C37H4sN6011,H20 requireS
                                     '         ttt                                          'C1 57,65; H? 6.54; N, 10.90%),.'･ .･'... ･  ･･, ･ ,                                                               '            '                       '             tt              '     Z(OMe)-Cys(MBzl)-Glu(OBzl)-Gly--O}l Z(OMe)--(RNase 110-112)-OH
[3],- z(oMe)-Glu(oBzl)--Gly-oH69)(22,6o g, so mmoD was treat--
ed with TFA--ahisole (24 ml-12 ml) as usual and dry ether was added.
An oily precipitate was dried over KOH pellets in vacuo for 3 hr
and dissolved in DMF (200 ml) together with Et3N (14 ml, O.1 mol)
and Z(OMe)-Cys (MBzl)-ONP (31,57 g, 60 mmol), After stirring for
48 hrp the rn±xture was eoncentrated and the residue was treated
with 5% citric aeid and ether, The resulting powder was recrystal-
!ized twice from AcOEt and ether to give the proteeted tripeptide
(23,so g, 7o%), m,p. 124-1260. [ct]g2 - so,30 (c o.8 in DMF), Rfl
O.42, Amino acid analysis: Glu 1,07(1), Gly 1,OO(1), average re-
covery gl% (Found: C, 59,68; ll, 5.81; N, 6.00, C34H3gN301oS re-
                               -1O5-
quires C, 59,90; H, 5,77; N, 6,16%),
Z(OMe)-Asn-Pro-Tyr-Val-Pro-Val-His-Phe-As(OBzl)-Ala-Ser-Val-
    , 113-124)-OBzl,
of Z(OMe)-Asn-Pro-Tyr-Val-Pro-OH (25.0 g, 32 mmol)
was added Et3N (4.4 ml, 32 mmol) followed by PCP-O-TCA
35 mmol), While stirTing for 2 hr, a new spot of Rf
on tlc and the starting material of Rf2 O.20 disappeared.
vent was evaporated and the residue was triturated
resu!ting active ester was recrystallized froTn THF
powder (27,55 g, 86%), m,p, l36-1410.
                                  'Ala-Ser-Val--OBzl (23,52 g, 21 mmol) was treated with
(70 ml-15 ml) as usual and dry ether was added. The
der was dried over KOH pellets in vacuo for 3 hr and
                      'in DMF (150 ml) together with Et3N (9,6 ml,. 69 rmol),
23 mmol) and the active ester obtained above (23.20
After stirring for 48 hrp the solution was
residue was purified by procedure B fQllowed by '
                 '   ' 'b4eOH with AcOEt to give a powder (31,47 g, 89%)., m,p,
[ct]32 --5o.･3O (6 Oe8 in DMF), Rfl Oe60, Rf3 O.76
H. 6.56; N, 12,27. Cs6HlbgNls021,2H20 requires C, 59,
                                           '
OBz1Z(OMe)-(RNase             ndTo a solution
in DMF 150 ml)
   (14,41 g,
2 O,32 appeared
      The sol-
with H O and the      2
and ether as a
Z ( OMe) -Val-His-Phe--Asp ( OBzl) -
            TFA-anisole
           r sulting pow-
               then dissolved
            HOBT (4,83 g,
            g, 23 mm l),
     concentrated and the
         preclpitation from
                148-151O.
          (Found: C, 59,99;
               98; H, 6.60;
Z ( OMe) -- Cys (MBzl) -Glu (OBzl) -Gly-Asn--Pro -Tyr-Val--Pro-Val--H is-
Phe-Asp(OBz1)-Ala-Ser--Va1--OBz1, Z(OIYIe)-(RNase110-124) -･OBz1 ,ltPCP-O-TCA (9.49 g, 23 mmol) was added to a solution of Z(OMe)--
                                        'Cys<MBzl)-Glu(OBzl)-Gly-OH (14.20 g, 21 mmol) in.DMF (70 ml) con-
taining Et3N (3,l5 ml, 23 mmol). Vntile stirring for 2,5 hr! the
                         'start.ing material (Rfl O,42) disappeared and a new spot (Rfl O.92)
was detected on tlc. The solvent was evaporated and the residue
was treated with H20 and the resulting powder was preeipitated from
THF with ether to afford the active ester (15,96 g, 82%), Z(OMe)-
                              -1O6-
(RNase 113-124)-OBzl (20,30 g, 12 mmol) was treated with TFA--ani-
sole (60 ml-15 ml) and the deprotected peptidesisolated as mention--
ed abovebwas dissolved in DMF (100 ml) together with Et3N (5.46 ml,
40 mmol), HOBT (2.71 g, 13 mmol) and the active ester obtained
above (12.10 g, 13 mmol), After stirring for 48 hr, the mixture
was concentrated and the residue was purified by procedure B fol-
lowed by precipitation from DMF with MeOH to give the protected
pentadecapeptide ester as a powder (18.02 g, 70%), m,p, 226--2310,
[or]32 - sl.20 (c o.g in DMF), Rfl O.58 (Found: C, 60.04;, H, 6147';
N, 1!.37; S, 1.63. CnlH13sNls027S.2H20 requires C, 59,93; H, 6.43;
  '     '
Trial Experiments
                   ''                                      ''                            ' paAla Ser Val OH. ･ The azide (Prepared from !9,20 g, ･
                            63)60 mmel of Z--Ala-Ser-NHNH2) in Db{F (150 ml) and Et3N (8,3 ml,
60 mmol) were added to a solution of Val (13.92 g, O,12 mol) in
H20 (130 ml) and pyridine (70 ml) eontaining Et3N (16,6 ml, O,12
mol), While stirring for 48 hr, a certain amount of Val separated
from the solution, The solution was filtered and the filtrate was
concentrated. The residue was purified by procedure C foi!owed by
reerysta!lization from AcOEt to give the protected tripeptide (
                                227.85 g, 32%), m.p, 165-1660, [ct]D +S.20 (c 1,O in DMF), RflO,15
(Found: C, 55,98; H, 6,89; N, 10,23; ClgH27N307 required C, 55,73;
H, 6,65; N, 10,26%),
     H-Ala-Ser-Val-OH. Z-Ala-Ser-Val-OH (13,10 g, 32 mmol)
in MeOH (250 ml) eontaining a few drops of AcOH was hydrogenated
over a Pd catalyst for 8 hr, The solution was filtered, the fil-
trate was concentrated and the residuee after trituration with
EtOH, was recrystall±zed from H20 and EtOH to give a crystallineeompound (8,60 g, 98%), m,p. 21oO dec,, [oe]g2 -- 3g,10 (c 1.o in
                                                                '3% AcOH), Rf4 O,41 (Found: C, 48,10; H, 7e82; N, l5.06, CpH21N30s
                                          '                  '          '           ' -I07-
requires C, 47.99; H, 7.69; N, 15.27%).
      '                                  '  '                                           '          tt tt                                '          tt  z-pro-val-His-oMe. z-val-His-o]y[e126)(4o.2o 'g, o,l mol)
                                                 '                 'dissolved in MeOH (300 ml) andlN HCI (200 ml, O,2 mol) was hydro--
genated over a Pd catalyst for 8 hr. The catalyst was removed by
filtration, the filtrate was concentrated and the residue (Rf                                                               3
O.48) was dissolved in aeetonitrile (400 ml) together with Et3N (
28 ml, O.2 mol) and Z--Pro-OH (24,90 g, O.1 mol). DCC (24.80 g, O,12
                                  'mol) was added and the mixture was stirred overnight; The solution
was filtered" the filtrate was concentrated and'the residue was
dissolved in AcOEt, The organic phase was washed with 5% Na2C03 and
                       'H20-NaCl, dried over Na2S04 and then concentrated. The residue was
recrystallized from MeOH and ether to give the protected tripeptide
ester (28.11 g, s6%), m.p. 131-13s6, [or]32 - 2s,70 (c o.g in DMF),
Rfl O,66 (Found: C, 58,33; H, 6,95; N, !3,66. C2sH33Ns06.H20 re-
quires C, 58.01; H, 6,82; N, 13.52%).
            '                     '
     Z(O}4e)-Val-Pro-Val-His-OMe,, - Z-Pro-Val-H±s--OMe (26.0
g, 50 mmol) in }4eOH (300 ml) andlN HCI (110 ml, O.11 mol) was
hydrogenated overaPd.catalystfor 8 hr, After filtration, the
solution was concentrated and the residue was dissolved in DMF (100
                       '         'ml) together with Et3N (Z3.88 ml, O,l mol) and Z(OMe)-Val-OH (Z4,60
g, 50 mmol). After addition of DCC (12.40 g, 60 mmol), the mixture
was stirred for 48 hr, filtered and the filtrate was coneentrated,
The residue was purified as rnentioned above to giVe a powder (11,90
g, 3s%), m.p, z22-n40, [poe]g2 - 37,60 (c 1,O in DMF), Rfl O.22 (
Found: C, 59.44; H, 7.30; N, 13,49, C31H44N60s requires C, 59.22;
H, 7.05; N, 13,37%)e '
                             ''     Z(OMe)-Val･-Pro--Val-His-NHNH2, Z(OMe)･-Val-Pro-Val-
His-OMe (19,11 g, 30 mmol) dissolved in MeOH (60 ml) was treated
with 80% hydrazine hydrate (11.3 ml, 6 equiv.) overnight, The
                          '   ''      '
I
solut!on was concentrated and the residue was treated with ether.
Recrystallization from MeOH and ether afforded the hydrazide as a
powder (ls.lo g, gs%), m.P. 13s-14o6, [ct]32 - 47.lo (c o.g in DMso),
Rfl O.11 (Found: C, 56.12; H, 7.07; N, 17･34･ C3oH44Ns07.!/2 H20
requires C, 56.49; H, 7.11; N, 17.57%).
                        '                                  '    ''  '     z(oMe)-Asn-pro-Tyr-oMe. z-pro-Tyr-oMel27)(4.26 g, lo
mmol) in ly[eOH (30 ml) and IN HCI (IO ml, 1 equ±v.) was hydrogenated
as usual. The solution was filtered, the filtrate was conceqtrated
and the residue (Rfl O.29) was dissolved ±n Db4F .(30 ml) toget.her
with Et3N (l.4 ml, 10 mmo'1) and Z(OMe)-Asn-ONP (4.17 g, IO mmol).
After stirring' for 24 hr, the solution was concentrated and the
residue was purified by procedure A foUowed by precipitation from
Ac"OEt with ether to afford an amorphous powder (2.50 g, 44%).
[or]gO -41.90 (c O.9 in DMF), Rfl O.61 (Found: C, 57.83,; H, 6.22;
N, !O･Ole C2sH34N40g.l/2 H20 requires C, 58.02; H, 6.08; N, 9.66%). '
                                                                   'Use of excess Et3N in the reaction afforded a heterogeneous gily
                       '                                          '            '
                            '                             '                                  '     '                         '                                    tt        '                        '                                          '    'Z(OMe)--Asn-Pro-Tyr-NHNH2. Z(OMe)-Asn-Pro-Tyr-OMe (7.0
g, 12 mmol) in MeOH (30 ml) was treated with 80% hydrazine hydrate
(4.5 ml,6equiv.) ovetnight. The gelatinous rnass formed was re-
crystallized from MeOH to give the tripeptide hydrazide (3.71 g,
53%), m.p. 177-1800, [or]i2 - 45.30 (e 1.0 in DMF), Rfl O.33 (Found:
C, 55.82; H, 6.41; N, 14.53. C27H34N60s.1/2 H20 requires C, 55.95;
H, 6.09; N, 14.50%).
-109-
 Section 2. Synthesis of the Protected Hexatriaconta-
              peptide Ester (Positions 89-l24)
                                                                    '              '     Z(O?t.Te)-Val-A.la-Or/:,e, Amixed anhydride (prepared from
23.90 g, 85 mmol of Z(OIY[e)-Val-OH) in dry THF (200 rnl) was added '
to an ice-chilled soiution of H･-Ala-OMe (prepared from 10,70 g, 85
                              '                     'mmol of the hydrochloride w±th 11.7 ml, 85 mmol of Et3N) in D}(F (80
ml) and the mixture was stirred in an ice-bath for 1 hr at room
temperature for 4 hr, The solvent was evaporated and the residue
was purified by procedure A fol!owed by recrystallization from
AcOEt and ether to give the protected dipeptide ester (19.91 g, 64%
), m,p, 167-1790, [ct]gO -- 43,10'(c Oi8 '±n MeOH), Rfl O.85 (Found:
C, 58,95; Hi 7,31; N, 7,79. ClsH26N206 requires C, 59,Oe; H, 7,15;
N, 7e65%)･
                                               '  '                                       'Z(OMe)-Val-Ala-NHNH2 [4.]., ･ Z(O)4e)-Val-Ala-OMe (19.90 g,
54 mmol) in MeOH was treated w±th 80% hydrazine hydrate (27.0 ml,
8 equiv.) for 24 hr. Precipitation of the resulting solid from D)CF
with IY!eOH gave the dipeptide hydrazide (17,42 g, 88'%), m.p, 240--
2430, [or]S2 -- 6.60 (c'O.7 in DMSO), Rfl O.54 (Found: C, 55.58; H,
7･40; N, 15.28, C17H26N40s requires C, 55.72; ", 7.15; N, 15.29%).
     Z(OMe)-rle-Ile-O}fe. A mixed anhydride (prepared
from 16,50 g, 56 mmol of Z(OMe)-rle-OH) in dry THF (100 ml) was
added to an iee-chilled solution of H-!le-OMe (prepared from 10.20
g, 56 mmol of the hydrochloride with 7.7 m!, 56 mmol of Et3N) in
DMF (100 ml). After stirring in an ice-bath for 1 hr and at room
temperature for 4 hrs the solution was concentrated and the residue
                                                                 'was purified by proeedure A followed by recrystal!ization from
AcOEt and ether to give the protected dipeptide ester (16.31 g, 69%
                  ' ･22), m.p, 114-1170, [or]D - 19.60 (c 1.0 in IY[eOH), Rfl O.98, Rf2 O･87
(Found: c, 62.47; H, 8.23; N, 6,80. C22}I34N206 requires C, 62.54;
                                 ''                                                          '
                                                                     x
H, 8.11; N, 6,63%).
           '                                        tt'             '                           '     Z(OMe)-11e-Ile-NHNH2 [5]. Z(OMe)-11e-Ile-OMe (16.30 g,
39 mmol) in MeOH (150 ml) was treated with 80 % hydrazine hydrate
(!9.5 ml, 8 equiv.) at 500 for 5 hr and then at room temperature
overnight. The resulting solid was precipitated from DIY[F with "{eOH
to give the hydrazide (12,o2 g, 73%), m.p. 234-237o, [ct]g2 - 4.so
(c 1,1 in DMSO), Rfl O.56 (Found: C, 59.68; H, 8.22; N, l3,14･ C21
H34N40s requires C, 59.69; H, 8.11; N, 13.26%). No D--ano--ne was
detected in the 6N HCI (24 hr) hydrolysate,
                                       '     '                                         '    tt   '                             '                                    '' Z(OMe)-Lys(Z)-His-OD4e. DCC (22.09 g, O.11 mol) was
added to a mixture of Z(OMe)-Lys(Z)-OH (44.45 g, O.1 mol) and H-
  "His-OMe (prepared from 20,52 g, O.l mol of the dihydrochloride wj.th
27.6 ml, O.2 mol of Et3N) in DMF (350 ml) and the solution, after
stirring for 48 hr, was filtered; the filtrate was concentrated and
the residue was treated with ether and 5% NaHC03 to agford a powder,
which was washed with 5%.NaHC03, H20 and ether, The product was
further treated with MeOH containing 3% AcOH at 500 for 7 hr and
recrysta!lized from MeOH and AcOEt to give the dipeptide esteT (
44.55 g, 75%), rn.p. 140-1420, [oc]i2 = 7.80 (e O.9 in DMF), Rfl O.60
(Found: C, 60.74; H, 6.18; N, 11.47, C3oH37NsOs requires C, 60.49;
H, 6.26; N, 11.76%).
                                                               1                                           '     Z(OMe) -Asn-Lys(Z) -His-OMe. Z(OMe) -Lys(Z) -His-OMe
(29.78 g, 50 mmol) was treated with TFA-anisole (52 ml-14 ml) as
usual amd dry ether was added. The resulting powder was col!ected
by filtration? dried over KOH pellets in vacuo for 3 hr and dis--
solved in DMF (200 ml) together with Et3N (l3.8 ml, O.1 mol) and
Z(OMe)-Asn--ONP (25.0 g, 60 mmol). After 48 hr, evaporation of the
solvent followed by trituration of the residue with AcOEt afforded
a powder, which ioJas washed with 5% Na2C03 and H20 and then recrys-
                 '                 tt
                                                        ' '
:allized from }4eOH and AcOEt to give the protected tripeptide ester
(?5.47 g, 72%), m.P. 184--1870, [ct]i2 +4.60 (c O.9 in D}4F), Rfl
).43 (Found: c, 56.3g; H, 6.21; N, 13.53. C34H43N70!o.H20 requires
                                                             '], 56.11; H, 6.23; N, 13.47%).
    Z(OMe)--Asn--Lys(Z)-His-NHNH , Z(OMe)-(RNase 103-105)-NHNll [6].
        Z(OMe)-Asn-Lys(Z)-His-OMe (l4.90 g, 21 mmol) dissolved in
CeOH (150 ml) was treated with 80% hydrazine hydrate (8.4 ml, 6.4
)quiv.) overnight. A gelatinous mass was formed and was recrystal-
Lized from MeOH to give the tr±peptide hydrazide (12.40 g, 83%),n.p. Iso-ls!o,.[ct]g3 - 6.gO (c o.6 in DMso), Rfl O.48. Amino acid
inalysis: Asp i.!O, Lys 1.00, His O.86 (average recovery 90%),
(Found: c, 54.71; H, 6.22; N, !7.20･ C33H43NgOg･H20 reqU±reS C,
54.46; H, 6.23; N, 17.32%). ･ .'
               tt
    Z-Thr-Gln--Ala-OMe. In the presence of lN HCI (40
                           74)nl, 1 equiv.), Z-Gln-Ala-O"{e . (16.02 g, 40 mmol) in THF (200 ml)
Jas hydrogenated over a Pd catalyst in the usual manner for 8 hr.
rhe filtered solution was neutralized with Et3N (5.5 rnl, 40 mmol).
Xfter addition of Z-Thr-OPCP (21.96 g, 44 mmol) and Et3N (5.5 ml,
;O mmol), the mixture was stirred for 48 hr and the solvent was
)vaporated. Treatment of the residue with ether afforded a fine
)owder, which was purified by procedure B followed by recrystalliza--
;ion from MeOH to give the protected tr±peptide ester (10.80 g, 58%                    22 ･b, m.p. 199-2020, [ot]D - 9.00 (c 1.0 in D)([F), Rfl O.32, Rf4 O･58
CFound: C, 54.15; H, 6.64; N, l2.03. C21H3oN40s requires C, 54.07;
I, 6･48; N, 12eOl%)･
    Z-Thr-Thr-Gln-Ala-OMe. rn the presence of lN HCI (44 ml,
L eQ,uiv.), Z-Thr-G!n-Ala-OMe (20.53 g, 44 mmol) in THF (150 rn1) was
iydrogenated over a Pd catalyst as mentioned above. To this filter-
                     ')d solution were added Et3N (12.l ml, 88 mmol) and Z-Thr-OPCP
                                         tt '                                                    ''                              -112-
 (23.95 g, 48 mmol) in DMF (120 ml) and th,e mixture was stirred for
'48 hr. Evaporation of the solvent followed by trlturation of the
 residue with AcOEt afforded a gelatinous mass, which was purified
                                  'ex,:g;c.;::･E22,',2:c?igt.glilializ",.fx?:."f;g",-:igo.Id?2,i,:e.p2?ge.c?2d
               t ttt t t1.o in DMF), Rfl O.46 (Found: C, 52.76; H, 6-76; N, !2･42･ C2sH37Ns
                                                   'Olo'requires C, 52.25; H, 6.58; N, 11.72%).
            '
      .kZA,YU9L:!>LEstz.:,E-::,-£:El,Lu:£!t,sE:},yEz:(OM)Ls(Z)ThrThrG!nAlaOMe Z-Thr--Thr-G!n-Ala-OMe
 (8.82 g, 16 mmol) in MeOH (80 ml) containing IN HCI (16 ml, 1
 equiv.) was hydrogenated as mentioned above. The filtered solution
 was concentrated and the residue was dissolved in D)4F (100 ml) to-
                    ''' ge.tl}er with Et3N (4.3 ml, 31 mmol) and Z(OMe)-Lys(Z)TOTCP (10.70 g,
 17 mmol). After stirring for 48 hr, the solution was coneentrated.
                                                'Trituration of the residue with AcOEt afforded a gelatinous so!id,
 which was purifled by procedure B foilowed by precipitation from
 DMF with AcOEt to give the protected pentapeptide ester (8.87 g,
  67%), m.b. 16g'-1720, [d]32 + 3.gO (c l.2 in DMF), !lfl O･39 (Found:
  C, 54..67;. H, 6.98; N, 11.29. C4oHs7N7014.H20 requires C, 54･72; H,
                                                '                '  6.77; N, 11.17%).
Z(OMe)-Lys(Z)-Thr-Thr-Gln-Ala-NHNH , Z(OMe)-(RNase 98-102)-
.NL::}:::2-t-=INH [7]･ Z(OMe)--Lys(Z)-Thr-Thr-Gln-Ala-Ob{e (8.60 g, 10
mmol) in DMF (60 Tnl) was treated with 80% hydrazine hydrate (6.2
ml, 10 equiv.) overnight. The resulting gelatinous mass was col-
lected by filtration and washed with MeOH to give the hydrazide ( .
7.7s g, go%), m.p. 2o6-2o9e, [or]32 + o.sO (c o.g in DMso)7 Rfl O.1'6.
                            'Amino acid analysis: Lys 1.14, Thr 2.12, Glu 1.IQ, Ala !.OO (aver･-
age recovery 83%). (Found: C, 53･45; H, 6.91; N, 14.48' C3gHs7NgO13"
H20 requires C, S3.35; H, 6.77; N, 14.36%).
                               '
                                                       80)     Z(OMe) -Cys (MBzl) -Ala-Tyr-OMe. Z-Ala-Tyr-ObCe                                                   (2o.o2 g,
                               -1l3-
lmmol) in MeOH' (150 ml) and IN HCI (50 ml, 1 equiv.) was hydro-
tnated over a Pd catalyst for 8 hr. The catalyst was removed by
,ltration, the filtrate was concentrated and the residue was dis-
lved in DMF (150 ml). Et3N (6.9 ml, 50 mmoZ), Z(OMe)-Cys(MBzl)--
1 (20.27 g, 50 mmol) and DCC (11.30 g, 55 mmol) were succesively
ded and the mixture was stirred for 48 hr. The solution was fil-
red, the filtrate was coneentrated and the resulting solid resi-
e was purified by procedure B followed by recrystallization from
oxane and MeOH to give the protected tripeptide ester (21.05 g,
%), m.p. 182-1850, [odi3 -- 8.50 (c 1.1 in DMF), Rfl O.73 (Found:
'60.42; H, 6.02; N, 6.53. C33H3gN30gS re.quires C, 60.63; H, 6.01;
                      .t
Z(OMe)-Asn--Cys(MBz1)-Ala-Tyr-OMe.
a-Tyr-OMe (16.22 g, 25 mmol) was treated
nl) as usual and dry ether was added.
te was dried over KOH pellets in vacuo
F (160 ml) together with Et3N (6.9 ml,
P (10.34 g, 25 mmol). After stirring
                               'zcentrated and the solid residue was
     '"ed by precipitation from DMF with AcOEt
:rapeptide ester (16.33 g, 86%), m.p.
1.0 in DMF), Rfl O.54 (Found: C, 57.
)nS requires C, 57.87; H, 5.90; N, 9
                            '
  ,Z ( OMe) -Pro --Asn-Cys (MBz1) -Ala-- Tyr-OMe .
         Z (OMe) -Cys (MBz1) -
    with TFA-anisole (20 ml-
 The resulting oUy precip±-
  for 3 hr and disso!ved in
 50 mmol) and Z(OMe)-Asn-
for 48 hr, the solution was
purified by procedure B fol-
   to give the protected
 21o-2139. [odS2 " 16.3o
42; H, 6.oo; N, 9･27･ C37H4s
.12%).
lzl)-Ala--Tyr-OMe (11.63 g, 15 mmol) was treated
S ml- 6 ml) as usual and dyy ether was added
: was dried over KOH pellets in vacuo for
r (100 ml) together with Et3N (4.1 ml, 30
' (6.67 g, 17 mmol). After stirring for 48
Lcentrated and the residue was treated with
                             -114-
     Z(OMe) -Asn-Cys-
    with TFA-anisole
  . The resulting pow-
3 hr and dissQlved in
mnol) and Z(OMe)-Pro-
 hr, the solution was
  ether. The resulting
powder was purified by procedure B followed by precipitation froin
DMF with AcOEt to give the protected pentapeptide ester (11.48 g,
8g%), m.p. Is6-15gO, [ct]g3 --33.40 (c O.8 in DMF), Rfl O.46 (Found:
C, 57.16; H, 6.07; N, 9.58. C42Hs2N6012S.H20 requires C, 57.13; H,
                             '6･16; N,.9･95%)o
     Z(OMe)-Tyr-Pro-Asn-Cys(MBzl)-Ala--Tyr-OMe. The above '
protected pentapeptide ester (16.66 g, 19 mmol) was treated with
                                                                    'TFA--anisole (50 m!-18 ml) as usual and the Nor-deprotected peptide,
isolated as stated above"was dissolved in DMF (120 ml) containing
                                         'Et3N (5･2 ml, 38 rmol). To this ice-chilled solution, the azide
(prepared from 8.34 g, 23 mmoi of Z(Oly[e)--Tyr-NHNH2) in DMF (50 ml)
was added. After stirring for 24 hr, the solution was concentrated
ana the residue was triturated with 5% citric acid and ether. The
resulting powder was purified by procedure B followed by recrystal-
lization from MeOH to give the hexapeptide est'er (17.88 g, 89%),
m.p. 139-1440, [oc]S3 - 33.9e (c 1.0 in DMF), Rfl O.61 (Found: C,.
58.41; H, 5.90; N, 9.39. CslH61N7014S.H20 requires C, 58.54; H,
                          '6.07; N, 9.39%). ･ ' '･                                                t/'
                    '     Z(OMe)-Tyr-Pro-Asn-Cys(MBzl)-Ala-Tyr-NHNH2, Z(OMe)-(I31Sase 92-
9"7:t-:tl!±iltt2) NHNH [8]･ The above protected hexapeptide ester (
15.31 g, 15 mmol) dissolved in DMF-MeOH (50 ml- !OO ml) was treated
with 80% hydrazine hydrate (7.3 ml, 8 equiv.) overnight. Precipita-
                                                           'tion of the resulting rnass from DMF with MeOH afforded the hydra-
zide (13.2g g, 87%), m.p. I74-t770, [ct]31 - 38..se (c o.8 in DMso),
Rfl O･72. Amino acid analysis: Tyr 1.96, Pro 1.00, Asp 1.18, Ala
1.20eaverage reeovery 82%f(Found: C, 57.l9; H, 5.83; N, 12.27.
            'CsoH61NgO13･H20 requires C, 57.40; H, 6.o7; N, l2.os%).
                              '
                                                '     Z(OMe)--Ser-Lys(Z)-OMe.. The azide (prepared from 16.20
g, 57 mmol of Z(OMe)-Ser-NHNH2) in DMF (80 ml) and Et3N (7.9 ml,'
                                -115-
57 mmol) were added to a solution of H-Lys(Z)--OMe (prepared from
!8.90 g, 57 mmol of the hydrochloride with 7.9 ml, 57 mmol of Et3N)
in DMF (150 ml). After stirring for 24 hr, the solution was concen-
trated. The residue was purified by procedure A followed by recrys-
tallization from AcOEt and ether to give the protected dipeptide
                                        23ester (20.61 g, 66%), m.p. I04-1060, [ct]D - 6.90 (c 1.0 in DMF),
Rflo.88 (Found: c, 59.68; H, 6.43; N, 7.71･ C27H3sN30g requires
C, 59.44; H, 6.47; N, 7.70%).
   '                          ' '                      '     Z(OMe -Ser-Ser-L s(Z)-OMe. Z(OMe)-Ser-Lys(Z)-OMe (
20.41 g, 37 mmol) was treated with TFA-anisole (80 ml-20 ml) as
usual and dry ether was added . The resulting powder, was dissolved
in DMF (150 ml) containing Et3N (5.1 ml, 37 mmol). To this ice-
chilled solution , the azide (prepared from 11.64 g, 41 mmoZ of
Z(OMe)-Ser-NHNH2.) in DMF (50 ml) and Et3N (5.i ml, 37 mmol) were
added.'After stirring for 24 hr, the solution was concentrated and
the residue was purified by procedure A foUowed by recrystall±za--
tion from MeOH and ether to give the protected tripeptide ester (
                               2221.40 g, 91%), m.p. 94-960, [oc]D = 7.00 (c O.9 in DMF),' Rfl O.67
(Found: C, 56.65; H, 6.45;.N, 9.11. C3oH4oN40u requires C, 56.95;
                        '
             '                                                       '     '     Z(O)4e)-Ser-Ser-Lys(Z)-NHNH , Z(OMe)-(RNase 89･-91)-NHNH2 [9].
       Z(OMe)-Ser-Ser-Lys(Z)-OMe (21.10 g, 33 mmol) in MeOH (200
ml) was treated with 80% hydrazine hydrate (16 ml, 8 equiv.) over-
night. Precipitation of the resulting mass from D]Y[F with MeOH gave
the hydrazide (lg.o3 g, s7%), m.p. 2o4-2o6o, [or]g2 + 4.7o･(c o.s
in DMSO), Rfl O.39. Amino aeid analysis: Ser 1.62, Lys l.OO average
recovery 90% (Found: C, 54.76; H, 6･21; N, 13･48. C2gH4oN601o re-
quires C, 55.05; H, 6.37; N, 13.28%).
   '                            '
     Z ( OMe) -Val --Al a-Cy s (MBz 1) -Glu ( OBz 1) -Gly-Asn-Pro-Tyr-Val-Pro-
-116-
Val-Ms-Phe-Asp(OBzl)-Ala-Ser-Val-OBzl, Z(OMe)-(RNase 108-124)-
OBzl. Z(OMe)--(RNase 110-124)--OBzl (l2.90 g, 5.9 mmol)' was
treated with TFA-anisole (40 ml--10 m!) as usual and dry ether was
added. The resulting powder was collected by £iltration, dried over
KOH pellets in vacuo for 3 hr and then dissolved in DMF (100 ml)
containing Et3N (l.63 ml, 11.8 rnmol). To this ice-chilled solution,
the azide (prepared from 2.59 g, 7.1 mmol of Z(OMe)-Val-Ala-NHNH2)
              'in DMF (10 rnl) and Et3N (O.98 ml, 7.l mmol) were added. After stir-
ring for 48 hr, the solution was concentrated. Triguration of the
residue with AcOEt and H20 afforded a powder, which was purified by
procedure B followed by precipitation twice from DMF with MeOH to
give the protected heptadecapeptide es'ter (10.10 g, 72%), m.p. 238-
2.43O, [ct]32 - so.ge (c o.8 in DMso), Rfl O.46 (Found: C, 59.75; H,
6.73; N, 11.64; S, 1.50. CllgHls2N2o02gS. 2H20 requires C, 59･68;
H, 6.57; N, 11.70; S, 1.34%).
                              '                       '     Z(OMe)-Ile-Ile-Val-Ala-Cys(MBzl)-Glu(OBzl)-Gly-Asn-Pro-Tyr-
Val-Pro-Val-His-Phe-Asp(OBzl)-Ala-Ser-Val-OBzl, Z(OMe)-(RNase 106--
124)-OBzl. .Z(O}le)-(RNase 108--124)-OBzl (12.01 g, 5 mmol)
                  'was treated with TFA-anisole (40 m!-12 ml) and the ISPC-deprotected
peptide}isolated as stated above)was then dissolved in,DMF-HMPA
(100 ml, 3:2 vlv) containing Et3N (1.38 ml, IO mmol). To this ice-
chilled solution, the azide (prepared from 5.08 g, l2 mmol of
Z(OMe)-Ile-Ile-NHNH2) in DMF (20 ml) and Et3N (l.66 ml, 12 mmol)
were added. After stirring for 48 hr, the solution was concentrated
and the residue was treated with 5% NaHC03 and ether to afford a
fine powder, which was purified by procedure B followed by precipi-
Ia,gio2,Ig;･c?,gfo:,D:io,ges? xe.;y ;2,E,igs.th:.gi,st2clge,:o?2dgc.gpigpt
                                  'D){so), Rfl o.so (Found: c, 60.03; H, 6･78; N, 11･79･ C131H174N2203i
S･ 2H2P requires C, 60.01; H, 6.85; N, 11.76%).
                '
                                -117-
Z(OMe)-Asn-Lys(Z)-His--!le--Ue-Val-Ala-Cys(MBzl)-Glu(OBzl)-
Gly-Asn-Pro-Tyr-Val-Pro-Val-His-Phe-Asp(OBzl)-Ala-Ser-Val-OBzl,
Z(OMe)-(RNase l03-124)--OBzl. Z(O)Ce)-(RNase l06-124)-OBzl (
   '12.03 g, 4.6 mmol) was treated with TFA--anisole (48 ml--12 ml) and
                                                       '    'the Nct-deprotected peptidet isolated as mentioned abovetwas dissolv-
ed ln DMF-HMPA (30 ml, 3:1 v!v) containing Et3N (1.3 ml, 9.2 mmol).
To this ice-chilled solution, the azide (prepared from 8.02 g, 11
mmol of Z(OMe)-Asn-Lys(Z)--His-NHNH2) in DMF (80 ml) and N-methyl-
morpholine (1.21 ml, ll mmol) were added. After stirring for 48 hr,
the solution was concentrated and the residue was treated with 5%
NaHC03 to give a fine powder, which was purified by procedure B
followed by precipitation twice from DMSO with MeOH .to give the
protected docosapeptide ester (11.72 g, 81%), m.p. 251-2560, [or]S3.
                                        '- 35.50 (c O.9 in DMSO), Rfl O.61, Rf3 O.85 (Found: C, 59.00; H,
                                                  tt6.94; N, 13.15; .S,'1.28. ClssH2osN2g037S.3H20 requires C, 59.05; H,
6.75; N, 12.89; S, 1.02%).
       OMe -L s Z)-Thr-Thr-Gln--Ala-Asn-L s(Z)-His-Ile-Ue-Val-Ala-
;CtZE-S22!2iu-:El-wklLd,206B1)G1(OB1)-G1y-Asn-Pro-Tyr-Va1-Pro-Va1-His--Phe-Asp(oBz1)-
Ala-Ser--Val-OBzl Z(OMe)-(RNase 98-124)-OBzl
103-124)--OBzl (13.00 g, 4.1 mmol) was treated
ml-13 ml) and the N9Cdeprotected peptidel isoiated
was dissolved in DMF-D)CSO (100 ml, 1:l v!v) containmg
ml, l2.4 mmol). To this ice-chilled solut±on,
                                 'from 9.04 g, 10.3 mmoZ of Z(Oly[e)-Lys(Z)--Thr-Thr-Gln-Ala-NHNH2)
DMF (60 ml) and Et3N (1.42 m!, 10.3 umol) were
ring for 48 hr, the solution was concentrated
treated with 5% NaHC03 and ether to give a fine
purified by procedure B followed by precipitatzon
with MeOH to give the protected heptacosapeptide
sg%), m.p. 2so-2s6o. [edZ3 - 3s.go (c Lo in
O.78 (Found:C, 57.69; H, 6.64; N, 12.85; S, 1
                              -ii8-
. Z(OMe)-(RNase
 w±th TFA-anisole (50
    as mentioned above7
    ' ' Et3N (1.71
th  az de (prepared
                  in
  added. After stir-
 and the residue w s
   powder, which w s
  ' twice from DMSO
    ester (i4.09 g,
DMso), Rfl O.54, Rf3
 ･14･ ClssH2soN36047S･
        '
4H20 requires C, 57.95; ll, 6.78; N, l3.15; s, O.84%).
Z(OMe)-Tyr-Pro-Asn-Cys(MBzl)-Ala-Tyr-Lys(Z)--Thr-Thr-Gln-AILa-
Asn-Lys(Z)-His-rle-Zle-Val-Ala-Cys(l![Bzl)-Glu(OBzi)-Gl -Asn-Pro-T r-
Val-Pro--Val-His-Phe-As (OBzl)-Ala-Ser-Val-OBzl Z(OMe)-(RNase 92-
                          '124)-OBzl. ･ Z(OMe)-(RNase 98-124)-OBzl (13.88 g, 3.6 mmol)
was treated with TFA-anisole (50 ml-13 nl) and the Nct-deprotected
peptide, isolated as mentioned above, was dissolved in DMF-DMSO (90
inl, 1:l vlv) containing Et3N (1.50 ml, 10.9 mmol). To this ice-
chilled solution, the azide (prepared from 9.30 g, 9 mmol of Z(OMe)--
-Tyr-Pro--Asn-Cys(MBzl)-Ala-Tyr-NHNH2) in DMF (50 ml) and Et3N (l.25
                                                            t /tml, 9 mmol) were added. After stirring for 48 hr, the solution was
             'concentrated and the res.idue was treated with ether and 5% NaHC03.
The resulting powder was purified by procedure B followed by pre-
cipitatton (three times) from DMSO with MeOH to give the pyotected
                                                               23tritTiacontapeptide ester (14.89 g, 87%), m.p. 236-2410, [or]D --
40.00 (c O.8 in DMSO), Rf3 O.71 (Found: C, 57.24; H, 6.47; N,!2.81.
C226H2ggN430s7S2.8H20 requires C, 57.28; H, 6.66; N, 12.n%).
     Z(O)Ce)-Ser-Ser-Lys(Z)-Tyr-Pro-Asn-Cys(MBz1)-Ala-Tyr-Lys(Z)-
Thr-Thr-Gln-Ala-Asn-Lys(Z)-His-Ue--Zle-Val-Ala-Cys(mszl)-Glu(OBzl)-
Gly-Asn-Pro-Tyr-Val-Pro-Val-His-Phe-As (OBzl -Ala-Ser-Val--OBzl
.Z(OMe)--(RNase 89-124)-OBzl. Z(OMe)-(RNase 92-124)-
OBzl (12.20 g, 2.6 mmol) was treated with TFA-anisole (50 nl-12 ml)
and the Nct-deprotected peptide, isolated as stated above, was dis-
solved in DMF-D]rsO (100 ml, l:1 v/v) containing Et3N (l.06 ml, 7.7
mmol). To this ice--chilled solution, the azide (prepared from 4.08
g, 6.4 mmol of Z(OMe)-Ser-Ser-Lys(Z)-NHNH2) in DMF (30 ml) and Et3N
(O.89 ml, 6.4 mmol) were added. After stirring for 48 hr, the solu-
tion was concentrated. The residue was purified as mentioned above
and finally precipitated three times from DIY[siO with AcOEt to give
the proteeted hexatriacontapeptide ester (12.33 g, 93%), m.p. 241-
                                -119-
         232500, [cx]D - 36.10 (c O.8 in DMSO), RE3 O.76 (Found: C, 57.26; H,
                                          '5.52; N, 12.51; S, 1.44. C246H327N47064S2. 7H20 requires C, 57.29;
I, 6.67; N, 12.77; S, 1.24%).
rrial experiments
     Z-nllet-Va!--Ala-OMe. k--- ･ z-Val--Ala-oMe128).(4.7o g, 14
                                                            'nmol) was treated with 2.7 N HBr-AcOH (12 ml) at room tempeyature
Eor 40 min. The HBr salt precipitated by ether was dissolved in DMF
(25 !nl) together with Et3N (1.9 m!, 14 mmol) and Z-Ile-OH (3.71 g,
L4 mmol) . After addttion of DCC (3.07 g, 15 mmol),,the mixture was
3tirred for 24 hr, filtered and the filtrate was concentrated.
          tt                  'rreatment of the residue with ether afforded a gela.tinous mass,
                                                         '"hich was purified by procedure B followed by recrystallization
Erom )CeOH to give the protected tripept±de ester (4.72 g, 75%),                 23n.p. I90-1940, [oc]D - 8.70 (c O.6 in DMF), RflO.77 (Found: C,
                   '51.90; H, 7.96; N. 9.63. C23H3sN306 requires C, 61.45; H, 7.85; N,
).35%).
    Z OMe -Ile-Ile-Val-Ala-OMe. Z-Zle--Val--Ala-OMe (1.53 g,
3.4 mmol) in THF (30 ml) containing IN HCI-dioxane (3.4 ml) was
iydrogenated over a Pd catalyst for 8 hr and the eatalyst was re-
                                        'noved by filtration. To this f±ltrate were added Et3N (e.47 ml, 3.4
nmol), Z(OMe)-Ile-OH (l.Ol g, 3.4 mmol) and DCC (O.77 g, 3.7 mmol)
md the mixture was stirred overnight. After filtration, the fil-
                                                        ';rate was concentrated. Trituration of the residue with AcOEt af-
              'r'orded a powder, which was purified by procedure B followed by pre-
)ipitation from DMF with AcOEt to give the protected tetrapeptide
)ster (1.34 g, 66%), m.p. 241-2460, [ct]g2･- 2s.oO (c 1.1.in DMso),
                           t/   'lfl O.52, Rf3 O.61 (Found: C, 60･52; H,.8･41; N, 9e49r C3oH4sN40s
                              'requires C, 60.79; H, 8.16; N, 9.45%).,
                         '
    Z(OMe)-Ile-Ile-Val--Ala-NHNH2 (positions 106t-109).
     ' -120-
Z(PMe)-Ile-rle-Val-Ala-OMe (O.84 g, 1.4 mmol) in DMF (8 ml) was
treated with 80% hydrazine hydrate (O.8 ml, 9 equiv.) overnight.
                          'A gelatinous mass formed and was washed with MeOH to give the hy-
             'drazide, which was less soluble even in hot DMF (O.77 g, 92%), m.p.
277o dec.? [ec]g2 - 2g.30 (6 o.6 in DMso), Rfi O.44 (Found: C,59･Pl;
H, 8･35; N, 14･30･ C2gH4sN607 requires C? 58.76; H, 8.l6; N, 14.l8
                                                      /'
Z(OMe)-Pro-Asn-Cys(MBzl)-Ala-Tyr-NHNH (positions 93-97)
     Z(OMe)-Pro-Asn-Cys(MBzl)-Ala-Tyr-OMe (8.83 g, IO mmol) in DMF
(50 ml) was treated with 80% hydrazine hydrate (6 ml, IO equiv.)
                         ' 'overnight. A g'elatinous masssformed by addition of )4eOH) ,was
                       '                                  ''collected by filtration and washed with MeOH to give the hydrazide
"(7.62 gl 86%), m.p. 2o8-2110, [or]34 - 38.50 (c O'.9 in DMSO),.Rfl
      'O.44, Rf3 O.89 (Found: C, 56･08; H, 6･33; N, 12e68･ C41Hs2NsOnS･
                  'H20 requires C, 55.76; H, 6.l6; N, l2.69%).
                                                     '         '                '     Z(OMe)-Lys(Z)-Tyr-OMe. DCC (4.08 g, 20 mmol) was added
 '                  '                          'to a mixture of Z(OMe)-Lys(Z)-OH (8.88 g, 20 mmol) and H-Tyr-OMe (
prepared from 4.64 g, 20 mmol of the hydrochloride with 2.8 ml, 20
mmol of Et3N) in DMF (80 ml). After 24hr? the solution was filtered,
the fi!trate was concentrated and the residue was purified by pro-
cedure A. Recrystallization from AcOEt and ether afforded the dF
peptide ester (4.39 g, 55%), m.p. Io6-loge? [ct]2D2 - 7.3Q (c 1.o in
                   'MeoH), Rfl O.62 (Found: C, 64･06; H, 6･57; N, 6･90･ C33H3gN30g re-





  Z(OMe)--Ser-Lys(Z)-Tyr-OMe. Z(OMe)--Lys(Z)--Tyr-OMe (2.46
6.2 mmol) was treated with TFA-anisole (5 ml--2 ml) as usual and
 ether was added. An oily precipitate was dried over KOH pellets
vacuo for 3 hr and dissolved in DMF (40 ml) together with Et3N (
 ml, 12 mmol) and Z(OMe)-Ser-OPCP (3.84 g, 7.4 mmol). After
                            -121-
stirring for 24 hr, the solution was concentrated and the residue
         ttwas purified by procedure A. Recrystallization from a mixture of
dioxane and MeOH gave the protected tripeptide ester (2.99 g, 68%),
m.p. 178-1810,.[oc]i2 - 2.30 (c O.9 in DMF), Rfl O.76 (Found: C,
60.72; H, 6.43; N, 7.92. C36H44N40u requires C, 61.00; H, 6.26; N,
     Z(OMe)-Ser-Ser-diLys(Z)-Tyr--OMe. Z(OMe)-Ser-Lys(Z)-Tyr--
OMe (2.13 g, 3 mmol) was treated with TFA-anisole (3 ml- 1.5 ml)
as usual and dry ether was added. The resulting powder was dissolv--
              'ed in DMF (20 ml) together with Et3N (O.8 rn1, 6 mmol) and Z(OMe)-
Ser-OPCP (1.56 g, 3 mmol). After stirring for 24 hr,.the solution
            'was eoncentrated and the residue was treated with AcOEt. The result--
             'ing powder was purified by procedure B and recrystallized from MeOH
and AcOEt to affgrd the protected tetrapeptide ester (1.88 g, 79%),
m.p. 134-137?, [ct]g2 + 6.90･(c O.9 in DMF), Rfl .O.55 (Found: C,
59.10; H, 6.29; N, 8.72. C3gH4gNsO13 requires C, 58.86; H, 6.20; N,
8.80%).
Z(OMe)-Ser--Ser-Lys(Z)-Tyr-NHNH2 (position 89--92)
･ Z(OMe)--Ser-Ser-Lys(Z)-pTyr-OMe (!.26 g, 1.6 mmol) in MeOH
 was treated with 80% hydrazine hydrate (1.0 ml, 10 equiv.
 night. A gelatinous rnass formed and was collected by
 washed with MeOH to give the hydrazide (1.10 g, 87%),
    22 [or]D + 2.70 (c O.7 in DMSO), Rfl O.62 (Found: C, 56,
 N, 11･41･ C3sH4gN7012･H20 requires C, 56.07; H, 6.32;
          '      Z ( OMe) --Pro -Asn-Cys (MBz1) -AZa-Tyr- (98 --124) -OBz1 ,
-･
    (12 ml)






93 -124) -- OBzl .
mmol) was treated with
tected peptide)isolated
I]"ylSO (30 ml, 1:1, vlv)
 Z(OMe)-(RNase 98-124)--OBzl (4.20 g, l.1
                                 ctTFA-anisole (15 ml-4 ml) and the N -depro-
                                     ' as mentioned above)was dissolved in DMF- ''
containing Et3N (O.46 ml, 3.3 mmol). To this
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ice-chilled solution, the azide (prepared from 2.37 g, 2.7 mmol of
Z(OMe)-Pro-Asn-Cys(IYll]zl)-Ala-Tyr-NHNH2 in DMF (10 ml) and Et3N ( '
O.37 ml, 2.7 mmol) were added. After st±rring for 48 hr, the soluF-
                                                                 't±on was concentrated and the residue was treated with ether and
                                                           '  The resulting powder was purified by procedure B follow-5% NaHCO
gg,;l..gg.e:.i;.isa,:.3zn.gw,g;e,gEg: 2¥sg,xth.¥;?",z:-:l;2,t?a,i･Egse,gi2g
(c O.9 in DMSO), Rfl O.61, Rf3 O.79. Arnino acid analysis: Asp 4.03,
Thr 1.66, Ser O.94, Glu 2.06, Pro 3.04, Gly 1.00, Ala 3.92, Val
    '4.24, ile 1.63, Tyr 1.87s ?he 1.00, Lys 1.7.0, His 1.977average re-
covery 86%,(Found: C, 57･34; H, 6･86; N, l3･07; S, 1･66' C2i7H3o2'
N420ssS2･6H20 requires C, 57.42; H, 6.71; N, 12.g6; s, 1.41%).
                                              '               '' '                                      '"     Alternative Synthes±s of Z(OMe)--(RNase 89-124)-OBzl.
                      'The above pfotected dotr±acontapept±de ester, Z(OMe)-(RNase 93-124)-
OBzl, (3.86 g, O.85 mmol) was treated with TFA-anisole (16 ml-4 ml)
and the Nct-deprotected peptidevisolated as mentioned above)was dis--
solved in DMF-DMSO (20 ml, 1:l vlv) containing Et3N (O.35 ml, 2.6.
mmol). To this ice-chilled solution, the azide (prepared from 1.69 .
g, 2.13 mmol of Z(O}le)-Ser-Ser-Lys(Z)-Tyr-NHNH2) in DMF (15 ml) and
                     'Et3N (O.29 ml, 2.13 mnol) were added. After 48 hr, an additional
azide (3 equiv.) was added and the mixture was stirred for 48 hr.
The solvent was evaporated and the product was isolated in essen-
tially the same manner as mentioned above; yield 2.51 g (57%), m.p.
                                                           ''246o-2sle, [od;3 - 2g.6e (c o.7 in DMso). Rfl O.46, Rf3 O.76･ Amino
acid analysis: Asp 4.24, Thr l.67, Ser 2.95, Glu 2.IO Pro 3.18, Gly
1.00, Ala 4.30, Val 4.08, !le 1.70, Tyr 2.96, Phe l.OO, Lys 2.74,
         'His 2.04 average recovery 91%. .' '
-123-
Seetion 3. Synthesis of the Protected Hexapentaconta-
                                              '   ' peptide Ester (Positions 69-l24) '
                '
                                                                  ''      ' '    .Zua(OM)Th Gl OH Z(OMe)-Thr-OPCP(53.16 g,o.lmol)
dissolved in THF (250 ml) was added to a stirred solution of Gly
(22.52 g, O.3 mol) in H20 (150 ml) containing Et3N (48 ml, O.35
mol). After 24 hr, the solvent was removed by evaporation and the
product was isolated by procedure C. Recrystallization from AcOEt
and ether gave the protected dipeptide (14.91 g, 44%), m.p. Il3--
nsO, [oe]33 +7.60 (c o.8 in DMF), Rfl O.29 (Found: C, 52.67; H,
5･88; N, 8.11. ClsH2oN207 requires C, 52.93; H, 5.92; N, 8.23%).
                   '
     Z(OMe)-Glu(OBzl)--Thr-Glv-OH. Z(OMe)-Thr--Glv-OH (
 '                                                                  '28,80 g, 85 mmol) dissolved in MeOH (100 ml) containing a few drops
of AeOH was hydrpgenated over a Pd catalyst for 8 hr. The filtered
solution was concentrated and the residue was recrystallized from
H20 and MePH to give H-Thr-Gly-OH (14.02 g, 94%). This dipeptide
(6.34 g, 36 mmol) was dissolved in fl20 (50 ml) containing Et3N (9.9
ml, 72 mmol) and a solution of Z(OMe)-Glu(OBzl)･-ONP (18.81 g, 36
mmol) in THF (150 ml) was added. After stirring for 48 hr, the mix-'
ture was concentrated and the residue was purified by washing with
5% citric acid and H20 followed by recrystallization from MeOH and
AcOEt to yield the protected tripeptide (17.91 g, 89%), m.p. I22-
124o, [oag2 + 1.sO (c o..7 in DMF), Rfl o.2s (Found: c, 57.89; H,'
5･88; N, 7･65･ C27H33N301o requires C, 57.95; H, 5.94; N, 7.51%).
                                                               '     Z(OMe)-Glu(OBzl)-Thr-Gly--NHNH-Troc. DCC (2.47 g, 12
mmol) was added to a stirred mixture of Z(OMe)-Glu(OBzl)--Thr-Gly-
OH (5.60 g, 10 rmnol),'{eroc--NHNH2 (2.49 g, 12 mmol) and HOBT (1.62
g, l2 mmol) in DMF (50 ml). After 48h hr, the solution was filtered,
the fi!trate was concentrated and the residue was purified by pro-
cedure A. Trituration with ether followed by recrystallization from
                               -124-
AcOEt and ether gave the substituted hydrazide (7.30 g, 97%), m.p.
87-8gO, [ct]2D3-2.'40..(e O.4 in DMF), Rfl O.62 (Found: C, 48･l7; H,
4.98; N, 9･31, C3oH36NsOllC13 requires C, 48.10; H, 4.84; N, 9.35%).
                                               ''                   '                        '                       ''                 '                         '   '     Z(OMe)-Arg(MBS)--G!u(OBzl)-Thr-Gly-NHNH-Troc.
Z(OMe)-bGlu(OBzl)-Thr-Gly-NHNH-Troc (10.74 g, 14 mmol) was treated
with TFA-anisole (21 ml-5.2 ml) as usual, then dry ether was added.
The resulting powder was dissolved in 4.2N HCI-dioxane (3.3 ml, 14
mmol), the solvent was evaporated and the residue was again treated
                                                                  '        ' 'with ether to afford HCI.H-Glu(OBzl)-Thr-Gly--NHNH-Troc as a powder,
                            tt           '     'which was dissolved in DMF (40 rnl) containing Et3N .(3.9 ml,28mmol>.
              'DCC (3.17 g, 15 mmol) was added to a stirred solution of Z(OMe)-
Arg(MBS)-OH (7.83 g, 15 mmol) and DNP-OH (2.84 g, l5 mmol) in AcOEt
                                                            '("20 rn1). After 5 hr, the solution was filtered, the fiitrate was '
added to the above solution containing the tripeptide and the mix-
ture, after stirring for 48 hr, was coneentrated. The product was
isolated by procedure B. Recrystallization from )(eOH and ether af-
forded the protected tetrapeptide (12.14 g, 81%), m.p. I08-1090,
[ct]32 - 2.20 (e O.5 in DMF), Rfl O.61 (Found: C, 47.90;. H, 4･91; N,
                                                                  '11･69･ C43Hs4NgOlsC13S requires C, 48.02; H, 5.o6; N, n.72%).
     Z(OMe)-Cys()a]z1)--Arg(MBS)-Glu(OBz1)-Thr-Gly-NHNH-Troc.
       Z(OMe)-Arg(MBS)-Glu(OBzl)-Thr-GZy-NHNH-Troc (5.38 g, 5 mmol)
was treated with TFA-anisole (11 ml-2.7 ml) as usual and dry ether ,
was added. The resulting powder was collected by filtration and
dissolved in DMF (50 ml) together with Et3N (1.4 ml, 10 mmol) and
Z(OMe)-Cys(MBzl)-ONP (2.63 g, 5 mmol). After stirring for 48 hr,
the solution was concentrated and the product was iso!ated by pro-
cedure B. Recrysta!lization from MeOH and ether afforded the pro-
                                                     22tected pentapeptide (5.76 g, 89%), m.p. 103-1050, [ct]D - 9.20 (c
O.4 in DMF), Rfl O.60 (Found: C, 49.89; H, 5･08; N, 10.83･ Cs4H67-
NloOwC13S2 requires C, 49.94; H, 5.20; N, lo.7g%).
                               -125-
Z(OMe)--As (OBzl)-C s(MBzl)-Ar (MBS)-Glu(OBzl)-Thr-Gl -NHNH-
                          'Troc [10]. . 'The above protected pentapeptide (6.49 g, 5
mmol) was treated with TFA-anisole (13 ml-3.2 ml) as usual, then
                                        '        'dry ether was added. The resu!ting powder was dissolved in DMF (35
         'ml) together wlth Et3N (1.4 ml, 10 mrnol) and Z(OMe)-Asp(OBzl)-ONP
 (2.80 g, 5.5 mmol)..'After stixring for 48 hr, the solution was con-
centrated and the product was isolated by procedure B. Recrystal-
lization from }([eOH and ether afforded the protected hexapeptide
 (6.2s g, s3%), m.p. I4o-1420,.[oe]32 . Io.4e (c o.5 in DMF), Rfl
o.64 (Found: c, 51.64; H, 5.29; N, 10･07･. C6sH78Nu02oC13S2 re-
 quires C, 51.91; H, 5.23; N, 10.25%).
                                      '              ' '                  '     tt      Z(OMe) -Asp(OBz1) --Cys(MBz1) --Arg(MBS) -Glu(OBz1)-Thr-Gly-NHNH ,
Z(OMe)ny(RNLlisasEi=l:2:=iEi!i2:se8388)NHNH'.･.'' , Theaboveprotect,-
ed hexapeptide (9.02 g, 6 mmol) dissolved in AcOH (90 ml) was
treated with Zn powder <4.8 g, 12 equiv.) for 48 hr. The filtered
solution was concentrated and the residue was treated with a satu--
                                        'rated solution of EDTA and 5% Na2C03. The resulting gelatinous mass
2.s,ggs:2#.gg'iexzo,gn,;.･;e,ggy2]e2i,ige,d,guev :e.;". ::,E,ig:.lh?d:i･s--'
                          '
-- 8.00 (c O.4 in DMSO), Rfl O.55. Amino acid analysis: Asp 1.04,
Arg l.09, Glu 1.05, Thr 1.01, Gly 1.00, average recovery 90%
(Found: c, 55.55; H, 5.85; N, 11.35. C62H77N1301sS2.H20 reqUireS
C, 55.30; H, 5.91; N, !1.44%). ,
                                                    ' Z(oMe)-ser--Ile-Thr-oMe. ' ･ 'z-tle-Thr-oMe92)(3o.4o g,
                                                    '80 mmol) in THF (200 ml) was hydrogenated over a Pd catalyst in the
presence of IN HCI (80 ml, 1 equiv.) for 8 hr. The catalyst was re-
moved by fi!tration, the filtrate was concentrated and the residue
was dissolved in DMF (300 ml) together with Et3N (22.1 rn1, O.16 mol)
and Z(OMe)-Ser-OPCP (45.45 g, 88 mmol). After stirring for 48 hr,
the solution was concentrated and the product was isolated by pro-
                                                                  tt               '                                ttt  -126'- '
cedure B. Recrystallization from MeOH and AcOEt afforded the pro-
tected tripeptide ester (28.76 g, 72%), m.p. Isg--lglO, [or]i3,
+ 3.60 (c O.8 in DMF), Rfl O.43 (Found: C, 55.56; H, 7.17; N, 8.44.
C23H3sN30g requires C, 55.52; H, 7.og; N, s.4s%).
                                '
     Z(OMe)-Ser-Ile-Thr-NHNH , Z(OMe)-(RNase 80-82)-NHNH2 [11].
          The above protected tripeptide ester (10.40 g, 21 mmol)
in DMF-MeOH (80 ml-20 ml) was treated with 80% hydrazine hydrate
(11 ml, 13 equiv.) overnight. Precipitation of the resulting mass
from DMF with MeOH afforded the hydrazide(8.11 g, 78%), m.p. 240-
2420, [ct]32 - 1.30 (c o.8 in DMso), Rfl O.52. Amino acid analysis:
                                   ttSer O.74, Ile 1.00, Thr O.91, average recovery 77% (Found: C,
52.88; H, 6.92; N, 13.82. C22H3sNsOs requires C, 53.11; H, 7.09; N,
                                               '
     Z OMe -Thr-Met-OMe.- Z(OMe)-Thr-OPCP (79.65 g, O.15
  'mol) was added to a stirred solution of H-Met-OMe (prepared from
30.0 g, O.15 mol of the hydrochloride with 20.7 ml, O.15 mol of
Et3N) in DMF (300 ml). After 48 hr, the solution was concentrated
and the residue was purified by procedure B followed by recrystal-
lization from MeOH and AeOEt to give the protected dipeptide ester
'(37.23 g, 58%), m.p. Ill-1120, [ct]S2 - 5.20 (c 1.0 in DMF), Rfl
o.77 (Found: c, 52.gg; H, 6.32; N, 6.28･ ClgH2sN207 requireS C,
53.25; H, 6.59; N, 6.54%).
     Z(OMe)-Ser-Thr-)4et-O)Ce. Z(OMe)-Thr-Met-OMe (38.02 g,
89 mmol) was treated with TFA-anisole (50 ml-18 ml) as usual, then
excess TFA was removed by evaporation. The oily residue was washed
with n-hexane, dried over KOH pellets in vacuo for 3 hr. and dis-
solved in DMF (300 ml) together with Et3N (24.8 ml, O.18 mol) and
Z(OMe)-Ser-OPCP (46.03 g, 89 mmol). After stirring for 48 hr, the
solution was coneentrated and the residue was purified by procedure
                                        '                     '          '                        -127- ･                  '
B followed by recrystallization
protected tripeptide ester (37.
-- 6.6e (c 1.1 in DMF), Rfl Oe77
C22H33N30gS･H20 requires c, 4g.
                           '
     Z ( OMe ) --Ser-Thr--Met (O) --NHNH
 from MeOH and AcOEt to give the
71 g, 82%), m.p. 14s.-lsoo, [ct]g3.
 (Found: C, 49.29; H, 6.50; N, 7.69.
52; H, 6.61; N, 7.88%).
 , Z(OMe)--(R ase 77-79)--NHNH [12].
           Z(OMe)-Ser-Thr-Met-OMe (15.04 g, 29 mmol) in DMF-MeOH
 (12 ml-60 ml) was treated with HAuC14.4H20 (13.22 g, 32 mmol) in
H20 in the presence of NaHC03 (7.36 g, 3 equiv.) at 400 for 3 hr.
After filtration, the filtrate was concentrated and the residue was
treated with AcOEt. Recrystal!ization of the resulting powder three
times from MeOH and EtOH afforded the sulphoxide contaminated with
a small amount of inorganic salts (11.49 g, 74%), m.p. 161-1630,
Rfl O.57. This sulphoxide (22 mmol) in MeOH (110 ml) was treated
with 80% hydrazip,e hydrate (6.9 ml, 5equiv.) overnight. Precipita--
tion of the resulting mass twice from DMF with MeOH gave the pro-
tected tripeptide hydrazide (IO.89 g, 95%), m.p. 183--Z890･, [ct]S3 +'
3.50 (c O.9 in DMSO), Rfl O.47. Amino acid analysis : Ser O.91, Thr
1.00, Met O.80, average recovery 80% (Found: C, 46.90; H, 6.49; N,
13･06･ C21H33NsOgS･ ll2 H20 requires C, 46.6S; H, 6.34; N, 12.g6%).
                      '                     '                       tt     Z(oMe)-Gln-ser-Tyr-oMe. - z-ser-Tyr-oMe35)(2g.24 g,
70 mmol) in THF (240 ml) was hydrogenated over a Pd catalyst in the
presence of IN HCI (70 ml, 1 equiv.) for 8 hr. The catalyst was re.
moved by filtration, the filtrate was concentrated and the residue
was dissolved in DMF (200 ml). To this ice-chilled solution, Et3N
(9.7 ml, 70 mmol), Z(OMe)-Gln-OH (21.72 g, 70 mmol), HOBT (9.45 g,
70 mmol) and DCC (15.86 g, 77 mmol) were succesively added. The
mixture was stirred in an ice-bath for 48 hr and the filtered solu-
tion was eoncentrated. Treatment of thr residue with AcOEt afforded
a powder, which was purified by procedure B followed by recrystal-
lization from MeOH to afford the protected tripeptide ester (27.44g,
                                                              ''                     ･ -128- ' '
68%)    '
bond
9.72.
                '                        ' m.p. 2o6--2ogO, [or]i3 +s.sO (c o.g in DMF)
vibration in the IR spectrum. (Found: C, 56
 C27H34N401o requires C, 56.44; H, s.g6; N,
                               '             tt         'Z:(:ytl!z:uttL:sli±EztLIE:±IEwE2.l-eitzltEz:iEw:±OMe)GlnSerTyrNHNH Z(OMe)(RNase74'-
      O.64. No, Rf    1
.48;,H, 5.97;
        ' 9.75%). '




                                                              .
          Z(OMe)-Gln-Ser-Tyr-OMe (20.20 g, 35 mmol) in DMF-MeOH
(40 ml-80 ml) was treated with 80% hydrazine hydrate (14 ml, 6.4
equiv.) overnight. The resulting mass was preeipitated from }CeOH to
yield the hydrazide (l7.72 g, 88%), m.p. 231-2340, [ct]S2 + s.se
(c O.9 in DMSO), Rfl O.21. Amino acid analysis: Glu l.OO, Ser O.86,
                                                   'Tyr O.95, average recovery 99% (Found: C, 54.37; H, 5.82; N, 14.40.
C26H34N60g requires C, 54.35; H, 5.g6; N, '14.63%). ･. .
                                                         '                                                           '                          '" Z(OMe)--Cys(MBzl)-Tyr-OMe. . DCC (22.66 g, O.11 mol) was
added to a mixture of Z(O}(e)-Cys(MBzl)-OH (40.54 g, O.1 mol) and
H--Tyr-OMe (prepared from 23.17 g, O.1 mol of the hydroehloride with
13.8 ml, O.1 mol of Et3N) in DMF (4eO Tnl) and the mixture was stir-
red for 48 hr. The so!ution was filtered, the filtrate was concent-
rated and the residue was purified by procedure A followed by re--
crystallizat±on from MeOH to afford the protected tripeptide ester(45.51 g, 78%), m.p. 141-1430, [ct]g3 -26.80 (c 1.0 in DMF), Rfl
o.so (Found: c, 61.82; H, 6.06; N, 4.77. C3oH34N20sS requireS C,
61.84; H, 5.88; N, 4.80%). ･
               '                             '     Z(OMe) -Asn --Cys()4Bzl) -Tyr -- OMe . Z(OMe) -Cys()4Bzl) -Tyr-
OMe (58.62 g, O.i mol) was treated with TFA-anisole (80 ml--30 ml)
as usual, then excess TFA was removed by evaporation. The oily res-
idue was washed with n-hexane, dried over KOH pellets in vacuo for
3 hr and dissolved in DMF (400 ml) together with Et3N (13.8 ml, O.1
                   'mol) and Z(OMe)--Asn-ONP (41.73 g, O.1 mol). After stirr,ing for 48
hr, the solution was concentrated. Tyeatment of the Tesidue with
AcOEt afferded a fine powder, which was purified by procedure B
               , - -129-          '
followed by recrystallization from dioxane and MeOH to give the
protected tripeptide ester (4s.7g g, 66%), m.p. 17s-lslo, [ct]33.
- 27.50 (c O.7 in DMF), Rfl O.65 (Found: C, 57.97; H, 5.86; N,
7･90･ C34H4oN401oS･ 112 H20 requires C, 57.86; H, 5.86; N, 7.g4%).
                                             '   tt                                                                  ''                                           '                   '     Z(OMe)-A･$n-Cys(MBzl)-Tyr-NHNI{2, Z(OMe)-(RNase 71-73)-NHNH2
[14]. Z(OMe)--Asn-Cys(MBzl)-Tyr-OMe (6.97 g, 10 mmol)
dissolved ±n DMF (60 ml) was treated with 80% hydrazine hydrate
(3.2 ml, 5 equiv.) overnight. The resulting gelatinous mass was
precipitated from DMF with MeOH to yield the hydrazide (5.77 g,
83%), m.p. 243-2470, [ct]i3 - 19.80 (c 1.1 in DMSO),.Rfl O.4.2. Amino
acid analysis: Asp 1.00, Tyr O.98, average recovery .81% (Found: C,
56.63; H, 6.06;. N,.11.94.. C33H4oN60gS requires C, 56.88; H, 5.79;
    '                      tt                        '
   '                            '                             '                            '                   '                                   '
     Z(OMe)-Gln-Thr-OMe. DCC (20.60 g, O.l mol) was
             'added to an ice-chilled solution of Z(OMe)-Gln-OH (31.03 g, O.1
mol), HOBT (13.40 g, O.1 mol) and H-Thr-OMe (prepared from 16.81 g,
         'O.1 mol of the hydroehloride with 13.8 ml, O.l mol of Et3N) in DMF
(300 ml). After stirring for 48 hr, the solution was filtered, the
filtrate was concentrated and the residue was treated with ether.
The resulting powder was purified by procedure B followed by re-
crystallization from MeOH to yield the dipeptide ester (l7.44 g,
41%), m.p. 175-l77O, [or]i2 + 4.00 (c O.5 in Dlrs), Rfl O･76 '(Fgund:
C, 53.70; H, 6.36; N, 10.00. ClgH27N30s .requires C, 53.64; H, 6.40s.
                                          'N, 9.88%) . . ･ , ･ ･                              '    '        '                                              '                     '                '
                            '   , Z(OMe)-Gln-Thr-NHNH ', Z(OMe)-(RNase 69-70)-NHNH [!5].
      '- Z(OMe)-Gln-Thr-OMe (16.0 g, 38 mmol) dissolved in DMF-
MeOH (ZOO ml-100 ml) was treated with 80% hydrazine hydrate (12.2
ml, 5 equiv.). The gelatinous mass formed on standing overnight was
prec±pitated from DMF with MeOH to yield the hydrazide (13.20 g,
                                          '                               -130-
                        2283%), m.p. 234--237O, [oc]D + 5.20 (g O.6 in DMSO), Rfl O.44. Amino
acid analysis: Glu 1.00, Thr O.86, average recovery 82% (Found: C,





PrO-Val-His-Phe--As (OBzl)--Ala-Ser--Val-OBzl, [Abbreviated asz(oMe) --
RNase 83-124)-OBzl or Z(Ob{e)-Asp(OBz[D-Cys(MBzl)--Arg(MBS)-
!tZtsLC9!}!Ll!-:[Il!!!:g!z=i;e2:ILa!.)-:91}ikl,!=-i .u(OBzl)ThrGl(89124)OBl]
Z(OMe)-(RNase 89-124)-OBzl (14.38 g, 2.79 mmol) was treated with
TFA-anisole (60 ml-15 ml) as usuai, then dry ether was added. The
r"esulting powder was collected by filtration, dried over KOH pel-
lets in vacuo for 3 hr and dissolved in DMSO-DMF (1:1, 100 ml) con-
                          '   'taining Et3N (1.16 ml, 8.37 mmol). To this ice･-chilled solution,
               'the azide (prepared from 9.37 g, 6.98 mmol of Z(OMe)-Asp(OBzl)-
Cys(MBzl)-Arg(MBS)-Glu(OBzl)-Thr-Gly-NHNH2) in DMF (50 ml) and Et3N
(O.96 ml, 6.96 mmol) were added and the mixture was stirred at 40
for 48 hr. The solvent was evaporated and the product was purified
by procedure B followed by pTecipitations from DMSO w±th ly[eOH four
times to give the protected dotetracontapeptide ester; yield l4.35
g (81%), m.p. 2730 dec., [ct]S3 -29.50 (c 1.0 tn DMSO), Rf3 O･69
(Found: c, 56.59; H, 6.39; N, 12.64. C3ooH3g4Ns607gS4.9H20 reqUireS
C, 56.84; H, 6.55; N, 12.37%).
     Z(OMe)-(RNase 80-124)-OBzl [Z(OMe)-Ser-rle--Thr-(83-124)-OBzl].
                 Z(OMe)-(RNase 83-124)-OBzl (ll.16 g, l.76 mmol)
was treated with TFA-anisole (50 rn1-10 ml) and the Nct-deprotected
peptide)isolated as mentioned above7was dissolved ±n DMSO-DMF (1:1,
100 ml) containing Et3N (O.73 ml, 5.28 mmol). To this ,ice-chilled
solution, the azide (prepared from 2.19 g, 4.40 mmol of Z(O}4e)-Ser-
                                  '                        ''               -131- -                 '
Ile-Thr-NHNH2) in DMF (20 ml) and Et3N (O.61 ml, 4.40 mmol) were
added. After 48 hr, the solvent was evaporated off and the product
was purified by procedure B followed by three times precipitations
from DMSO with MeOH to yield the protected pentatetracontapeptide
ester (10.23 g, 87%), m.p. 2520 dec., [ct]i3.--32.60 (c O.9 in DMSo),
Rf3 O.84 (Found: C, 55e79; H, 6e57; N, 12･72･ C313H417NsgOs4S4'l3
H20 requires C, 56.00; H, 6.65; N, 12.31%).
                                       '                          '                     '
     Z(OMe)-(RNase 77･-l24)-OBzl [Z(OMe)-Ser-Thr-Met(O)-(80-124)-･
OBzl]. . Z(OMe)-(RNase 80--l24)-OBzl (9.41 g, 1.40 mmol)
'was treated with TFA-anisole (50 ml-10 ml) and the Nor-deprotected
peptidey ±solated as mentioned -abovee was dissolved in. DMSO-DMF (2:1,
100 ml) containing Et3N (O.58 ml, 4.20 mmol). To this ice-chilled
solution, the azide (prepared from 1.89 g, 3.50 mmol of Z(OMe)-Ser-
Thr-Met(O)-NHNH2) in DMF (15 ml) and Et3N (O.48 ml, 3.50 mmol) were
added. After .48 hr, the solvent was evaporated and the residue was
purified by procedure B followed by pxecipitations frorn DMSO with
MeOH (twice) to yield the protected octatetraeontapeptide ester
(g.44 g, g6%), m.p. 2570 dec., [ct]33 - 23.80 (c O.7 in DMSO), Rf3
o.s6 (Found: c, 5s.Oo; H, 6･45; N, 12･91･ C32sH43sN620goSs･13 H20
requires C, 55.38; H, 6.45; N, 12.32%).
               '
     Z(OMe)-(RNase 74--124)-OBzl [Z(OMe)--Gln-Ser-Tyr-(77-124)-OBzl].
            Z(OMe)-(RNase 77-124)-OBzl (9.44 g, 1.34 mmol) was
treated with TFA-anisole (50 ml-10 ml) and the Nor--deprotected pep-
tide7 isolated as mentioned above7was dissolved in DMSO-DMF (1:1,
100 rnl) containing Et3N ,(O.55 ml, 4.02 mmol). To this ice-chilled
solution, the azide (prepared from 2.31 g, 4.02 mmol of Z(OMe)-Gln-
Ser-Tyr-NHNH2) in DMF (20 ml) and Et3N (O.55 ml, 4.02 mmol) were
added. After 48 hr, the solvent was evaporated and the residue was
purified by procedure B followed by precipitations from DMSO with
MeOH (five times) to yield the protected henpentacontapeptide ester
                                                      ''                                              '                    .' -132- ･ ･
(g.2s g, g2%), m.p. 2460dec., [or]i3 - 28.50 (c O.8 in DMSO), Rf3
                 'o.si, Rfs o.43 (Found: C, 54･51; H, 6･34; N, 12･50･ C32sH43sN660g6
                                                                  'Ss･l8 H20 requires C, 54.64; H, 6.41; N, 12.30%).
                                           '               '                                '''                                        '       '                                                       '     Z(OMe)--(RNase 71-124)-OBzl [Z(OMe)--Asn-Cys(MBzl)-Tyr--(74-124)-
   'OBzl]. ..' Z(OMe)-(RNase 74-124)-OBzl (9.25 g, l.23
mmol) was treated with TFA--anisoie (50 ml-10 ml) and the Nor-depro-
tected peptidesisolated as mentioned above7was dissolved in DMF-
mo (l:2, 100 ml) containing Et3N (O.41 ml, 3.69 mmol). To this
ice-chilled solution, the azide (prepared from 2.15 g, 3.08 mmol of
Z(OMe)-Asn-Cys(MBzl)-Tyr-NHNH2) in DMF (l5 ml) and Et3N (O.43 ml,
3.08 mmol) were added. After stirring for 48 hr, the solution was
concentrated and the residue was purified by procedure B followed
b"y precipitations from DMSO with MeOH (three times) to yield the
protected tetrapentacontapeptide ester (9.04 g, 92%), m.p. 253e
dec.) [odg3 - 26.sO(c o.g in DMso), Rf3 O.78 (Found: C, 54.71; H,
                                                 '6･33; N, 12･67. C366H4ssN7oOlo2S6.17 H20 requires C, 54.95; H,
6.36; N, 12.26%). . '                                                          '                                '                      '
     Z(O)4e)-(RNase 69-124)-OBzl [Z(OMe)-Gln-Thr-(71-124)-OBzl].
               Z(OMe)-(RNase 71-124)-OBzl (9.04 g, 1.i8 mmol) was
treated with TFA-anisole (45 ml-9 ml) and the NOC-deprotected pep-
                                                   'tide isolated as mentioned above was dissolved in DMSO-DMF (2:1,
90 ml) containing Et3N (O.49 ml, 3.54 mmo!). To this ice-chilled
solution, the azide (prepared from 1.26 g, 2.95 mmol) of Z(OMe)-
Gln-Thr-NHNH2) in DMF (10 ml) and Et3N (O.41 ml, 2.95 mmol) were
added. After 48 hr, the solvent was removed by evaporation and the
residue was purified by procedure B followed by precipitations from
DMSO with MeOH (three times) to yield the protected hexapentaconta-
pe,ptide ester (8.74 g, 94%), m.p. 2380 dec., [or]g3 -- 2s.40 (c 1.1
in DMso), Rf3 o.72 (Found: C, 52･76; H, 6･25; N, 12･22･ C37sHso3N73
Olo6S6･32 H20 r'equires C, 53.00; H, 6.73; N, 12.o3%). '･
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Putification of the crude sample of Z(OMe)--(RNase69-124) --OBz1
by gel-filtration on Sephacryl S-200.
The first batch of Z(OMe)-(RNase 69--124)-OBzl prepared as outlined
above gave somewhat higher recovery of Asp, Thr and Glu than those
predicted by theory (Table 3'). Such a tendency was also noted in
the intermediates, Z(OMe)--(RNase 71-124)-OBzl and Z(OMe)--(RNase 74-
124)-OBzl as well, where newly incorporated amino acid ratios were
somewhat higher than expected. The iJnpure preparation of Z(OMe)-･
(RNase 69･-124)･-OBzl (100 mg each) was submitted to gel-filtration
on various supports (2.8 x130 em). with DMSO, 5% H20-DMSO or NMP as
eluents: l. LH--20 (DMSO), 2. Sephadex G-50 (5% H20--DMSO), 3. Sepha--
dex G-100 (5% H20-DMSO), 4. Sepharose CL-6B (5% .H20-.DMSO), 5. Se-
phacryl S-200 (5% H20-NMP), 6. Biogel P--2 (for the Nct--deprotected
peptide wSth 66% AcOH as eluent). rndividual fractions (9.5 ml
each) were colle,cted and absorption at 275 nm was measured. Ne se-
                                              'paration was obtained in experiments 1,2,3 and 6. Gel-filtration ･
on Sepharose CL-6B gave some separation (Peak 1, tube Nos. 35-50,
46 mg; Peak 2, tube Nos. 56 -70, 14 mg) and on Sephacryl S-200, a
better separation was achieved (Peak 1, tube Nos. 24-31, 58 mg;
Peak 2, tube Nos. 36-45, 7 mg) as ahown in Fig. 2. Purity of other
batches of Z(OMe)-(Irwase 69-124)-OBzl was confirmed by gel-filtra-
tign on Sephacryl S-200. .
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Section 4. Synthesis of the Protected Tetraoctaconta-
              peptide Ester (positions 41-l24)
                                              '     Z(OMe)-Asn-Gly-OH. . Z(OMe)-Asn-ONP (20.85 g, 50
                          '         'mmol) dissolved in DMF (150 ml) was added to a stirred solution of
Gly (11.26 g, O:15 mol) and Et3N (20.7 ml, O.15 mol) in H20 (80
ml). After 48 hr, the solution was concentrated and the residue was
                            'treated with ether and 5% citric acid. The resulting powder was
                                   ttwashed three tbnes with 5% citric acid and H20 and recrystallized
from MeOH and AcOEt to afford the protected tripeptide (6.70 g,
38%), m.p. 165-1679, [ct]S3 - X.40 (c o.7 in DMF), 'Rf2 O.07 (Found:
C, 50.95; H, 5.43; N, 11.92. ClsHlgN307 requires C, 50.99; H, 5.42;
N, li.89%). .
                               '                 '                                                                 '             '      '       ''                                              ''                     '     Z(OMe)-Lys(Z)-Asn-Gly-OH. . Z(OMe)-Asn-Gly-OH (10.59
g, 30 mmol) was treated with TFA-anisole (21 ml-5.3 ml) as usual,
then dry ether was added. Thd resulting powder was collected by
filtration, dried over KOH pellets in vacuo for 3 hr and dissolved
in DMF (150 ml) together with Et3N (8.3 ml, 60 mmol) and Z(OMe)-
Lys(Z)--OQCI (20.59 g, 33 mmol). After stirr±ng for 48 hr, the solu--
tion was concentrated and the residue was treated with ether and 5%
citric acid. The resulting powder was washed as mentioned above and
recrystallized from MeOH and ether to afford the protected tripep-
tide (4.22 g, 23%), m.p. I98--2000, [or]g2 - 6.10 (c O.5 in DMF), Rf2
o.ls (Found: c. 56.37; H, 6.09; N,U･41. C2gH37NsOlo requireS C,
56.57; H, 6.06; N, ll.38%).
     Z(OMe)-Asn-Gly-NHNH-Troc. ' z(oMe)-Gly-NHNH-Troc97)
                           '(20.60 g, 48 rnmol) was'treated with TFA-anisole (41 ml -10 ml) as
usual, then excess TFA was removed by evaporation. The oily residue
                                      'was washed with n-hexane, dried over KOH pellets in vacuo for 3 hr
and dissolved in DMF (100 ml) together with Et3N (12.l ml, 88 mmoi)
                               -135-
                         '
and Z(OMe)-Asn-ONP (16.68 g, 40 mmol). After stirring for 48 hr,
the solution was concentrated and the residue was purified by the
procedure B followed by recrystallization from MeOH to afford the
                                                      23protected dipeptide (l3.61 g, 52%), m.p. 175-1780,.[or]D - 6.90
(c O.6 in D}4F), Rf2 O.15 (Found: C, 39.77; H, 4.20; N, l2.69.
ClsH22NsOsC13 requires C, 39.83; H, 4.og; N, 12.go%).
     -kZsyugz:t:(OMe)L (Z)A GI NHNHT . (a) Z(OMe)-Asn-
Gly-NHNH-Troc (10.85 g, 20 mmol) was treated with TFA-anisole (22
                               'ml-- 5.4 ml) as usual, then dry ether was added. The resulting pow-
der was collected by filtration, dried over KOH pellets ±n vacuo
for 3 hr and dissolved in D]Y!F (80 ml) together with Et3N (5.5 ml,
40 mmol) and Z(OMe)-Lys(Z)--OQCI (12.85 g, 20 mmol). After stirring
for 48 hr, the solution was concentrated and the residue was puri-
fied by procedure B followed by recrysta!lization from MeOH to af-
ford the protected tripeptide (l3.73 g, 85%), m.p. 190-1930, [ct]i3
- 6.80 (c l.O in D}(F), Rfl O.51, Rf2 O.20 (Found; C, 47.91; H,
4.85; N, 12.31. C32H4oN70nC13 reguires C, 47.74; H, 5.01; N, 12.18
%)･
(b) DCC (1.68g,8.2 mmol> was added to a mixture of Z(OMe)-Lys(Z)-
Asn-Gly-OH (4.18 g, 6.8 mmol), HOBT (1.ll g, 8.2,rnmol) and Troc-
NHNH2 (1.70 g, 8.2 mmol) in DMF (20 ml). After stirring for 24 hr,
the solution was filtered, the filtrate was concentrated and the
product was isolated as stated above; yield 4.74 g (87%), m.p. 190-
         251930, [oe]D -m 6.50 (c O.7 ±n DMF). ,
     Z(OMe)--Cys(MBzl)-Lys(Z)-Asn-Gly--NHNH--Troc [16 .
Z(OMe)-Lys(Z)-Asn-Gly-NHNH-Troc (12.08 g, 15 mmol) was treated with
TFA-anisotle (24 ml- 6 ml) as usual, then dry ether was added. The
        --resulting powdere ±solated as mentioned abovegwas disso!ved in DMF
(100 ml) together with Et3N (4.1 ml, 30 mmol) and Z(OMe)-Cys(mszl)-
ONP (9.48 g, 18 mmol). After stirring for 48 hr, the.soZution was
                              -136-
concentrated and the residue was purified by procedure B. Precipi--
tation from D)(F with MeOH afforded the protected .tetrapeptide ( .
Il.91 g, 77%), m.p. 213-2160, [ct]g3 - 17.70 (c O.5 in DMF), RflO.44
(Found: c, so.2s; H, 5.20; N, 10.82. C43Hs3NsO13SC13requires C,
50.22; H, 5.20; N, 10.90%). ･ .
                                      '                  '    ''                     '                  '     Z(OMe)-Cys(MBzl)--Lys(Z)-Asn-Gly-NHNH , Z(OMe)--(RNase 65-68)-
      . '･ ' ' ･. Zn powder (6.53 g, !O equiv.) was added toIlil::g:i}!llllllirred so!ution of z(oMe)-cys(MBzi)-Lys(z>-Asn-Giy-NHNH-Troc (
10.28 g, 10 mmol) in DMF-AcOH (1:1, 200 ml). After 72 hr, the solu-
tion was filtered and the filtrate was concentrated in vacuo at 30?
Treatment of the residue with a saturated solution of EDTA afforded
a gelatinous mass, which was washed with H20 and precipitated from
"DMF with MeOH to yield the protected tetrapeptide hydrazide (6.27
g, 74%), ..p. 212.-2150, [or]g3 - l2.80 (c O.9 in DMSO), Rfl O.53.
Axnino acid analysis: Lys 1.eO, Asp 1.18, Gly 1.12, average recovery
gg% (Found: C, 56.13; H, 6.06; N, 12.89･ C4oHs2NsOnSrequires C,
 56.32; H, 6.15; N, 13.14%).. ･ . .
                                                    ''                       '      Z(OMe)-Asn-Val-Ala-OMe. Z(OMe)-Val-Ala--OMe (15.50
 g, 42 mmol) was treated with TFA-anisoie (31 ml--7.7 ml) as usual,
 then excess TFA was removed by evaporation. The oily residue was
 washed with n-hexane, dried over KOH pellets in vacuo for 2 hr and
 dissolved in DMF (80 ml) together with Et3N (11.9 ml, 86 mmol) and
 Z(OMe)-Asn-ONP (17.93 g, 43 mmol). After stirring for 48 hr, the ･
                                                                  ' solution was concentrated and the product was purified by proce-
S.;g2.2,[3il;W,;d.,21.,2r2C.:'2;t7%??,fE?M,;llF,,WSf;.M;2",-.I2,Xlelg,ige.
 -- 14.60 (c O.5 in DMF), Rf2 O.35 (Found: C, 54.76; fi, 6.58; N,
 ll.50･ C22H32N40s requires C, 54.99; H, 6.71; N, U.66%).
                                                            ''   '                            '      Z(OMe)-Asn-Val-Ala-NHNH , Z(OMe)-(RNase 62--64)-NHNH2 [l7].
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                                                              '               Z(OMe)-Asn-Val-Ala-OMe (16.50 g, 34 mmol) in DMF
(l60 ml) was treated with 80% hydrazine hydrate (21 ml, 10 equiv.)
overnight and MeOII (l60 ml) was added. The resulting mass was pre-
cipitated from DMF with MeOH to give the protected tripeptide hy--
drazide (15.20 g, 93%), m.p'. 246-2480, [or]33 - 14.sO (c o.3 in ./ .
DMSO),･Rfl O.46. Amino acid analysis: Asp 1.04, Val 1.00, Ala O.94,
average recovery 92% (Found: C, 52.69; H, 6.77; N, 17.46. C21H32
N607 requires C, 52.49;H,6.･71;N, 17.4g%). '
                                '      '                  '             '                                    '         '     Z(OMe)-Gln-Lys(Z)--OH. -- Z(OMe)･-Gln--ONP (21.57 g, 50
mmol) dissolved in pyr±dine (70 ml) was mixed with a solution of
Lys(Z) (l4.02 g, 50 mrnol) and Et3N (13.8 ml, O.1 mol) in H20 (70
ml). After stirirng for 48 hr, the solution was concentrated and
the residue was treated with 5% citric acid and ether. The result-
ing powder was purified by washing 5% citric acid and H20 followed
by recrystallization from MeOH and AcOEt to yield the protected di-
peptide (Z6.0 g, 56%), m.p. 172--174e [ct]g3 +4'.gO (c o.7 in D]ytF),
Rf2 o.l5 (Found: c,.58.68; H, 6.28; N,/ 9.72. C2sH36N40g requires C,
58.73; H, 6.34; N, 9.79%). ･, '                                                              ''                                   ''                             '                                                    '     Z OMe)-C s(MBzl)-Ser-OMe. -- Z(OMe)--Cys(MBzl)-ONP
(21.10 g, 40 mmo!) in DMF (50 ml) and Et3N (5.5 ml, 40 mmo!) were
added to a solution of H--Ser-OMe (prepared from 7.50 g, 48 mmol of
the hydrochloride with 6.6 ml, 48 mmol of Et3N) in DIYfF (50 ml)･
Aiiter stirring for 48 hr, the solut±on was eoncentrated and the re-
sidue was purlfied by procedure B followed by recrystallization .
from THF and MeOH to afford the protected dipeptide ester (15.50 g,
76%), m.p. IS4-13sO, [or]2D3 -- 28.70 (c 1.2 in DMF), Rfl O.58 (Found:
C, 57.12; H, 6.07; N, 5.64. C24H3oN20sS requires C, 56.90; H, 5.97;
                  '                                                 '            ' '                              tt t                                ' '                                    '  Z(OMe)-CysOIBzl)-Ser-NHNH2. . ' ' Z(OMe)--Cys(MBzl)-
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Ser-OMe (15.20 g, 30 mmol) in DMF (60 ml) was treated
drazine hydrate (19 ml, 10 equiv.) and the gelatinous
on standing overnight was preclpitated from DMF ;:g'th
the hydrazide (13.20 g, 87%), m.p. 193-1940, [or]D -
DMSO), Rfl O.53 (Found: C, 54.66; H, 5.95; N, 10.76.
quires C, 54.53; H, 5.97; N, 11.06%).
     Z(OMe) -Cys (MBzl) -Ser-Gln-Lys (Z) -OH. ･
Lys(Z)--OH (7.44 g, l3 mmol) was treated
                          '3.7 ml) as usual and the TFA saltl precipitated
fine powder) was collected by filtration,
vacuo for 3 hr and dissolved in DMF (40
26 mmol). To this iee-chilled solution,
7".89 g, 16 mmol of Z(OMe)-Cys(MBzl)-Ser-NHNH2)
Et3N (2e2 ml, 16 umol) were added. After
solution was concentrated and the residue
with 5% citric acid and H20 followed by
and AcOEt to afford the protected tetrapeptlde
168-16g9, [(x]i3 L s.sO (c'o.s in D}di!), Rf
H, 6.29; N, 9.49. C42Hs4N6013S reqUireS
%).
     Z(OMe)-Val-Cys(MBz1)-Ser-Gln-Lys(Z)-OH.
 with 80% hy-
 rnass formed
MeOH to give
4.80 (c l.4 in
C23H3 oN4 07S re-
            Z(OMe)-Gln.
                  'with TFA- nisole (14.8 ml-
   '                     '      w±th dry ether as a
 dried over KOH pellets in
ml) conta ing Et3N,(3.6ml,
the azide (prepared from
       in DMF (50 ml)-and
 stirring for 48 hr, the
  was purified by washing
recrystallization from MeOH
       (7.41 g, 65%), m.p.
   O.18 (Found: C, 57.37;2
C, 57.!3; H, 6.16; N, 9.52
The
above protected tetrapeptide (13.65 g, 15 mmol) was treated with
TFA-anisole (27 ml-6.8 ml) as usual,then dry ether was added. The
resulting powdert isolated as mentioned abovevwas dissolved in D)([F
                                                  '(70 rn1) together with Et3N (4.1 ml, 30 mmol) and Z(OMe)-Val-ONP
(6.84 g, 17 mmol). After stirring for 48 hr, the solution was con-
centrated and the residue was purified by washing with 5% citric
:gg'd,:g:.g;2,f;.i:2:;g,?I.,zr::i?;'sa!iog,as?m.?xl :g'gh-,:2o.? lg,I･;'eld
8.00 (c 1.1 in DMF), Rfl O.12 (Found: C, 57.39; H, 6.22; N, 10.05.
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C47H63N7014S requires C, 57.48; H, 6.47; N, g.gs%).
                  '     '                            '     Z(OMe)-Val-Cys(MBzl)-Ser-Gln--Lys(Z)-OMe.
An etheral solution of diazomethane was added to an ice-chilled
solution of Z(OMe)-Val-Cys(MBzl)--Ser--Gln-Lys(Z)-OH (13.70 g, 14
mmol) in DMF-MeOH (150 ml-50 ml) til! the yellow colour persisted
for 30 min. After addition of a few drops of AcOH, the solvent was
evaporated and the resulting mass was precipitated from DMF with
MeOH to give the pentapeptide ester (11.65 g, 84%), m.p. 227-2290,
[ct]i3 -- 8.20 (c O.4 in DlytF), Rfl O.58 (Found: CS 57.61; H, 6･53;' N,
9･83e C4sH6sN7014S requires C, 57.87; H, 6.58; N, g.s4%). '
                                            ''                                                      ''     Z(OMe)-Val-Cys(MBzl)--Ser--GlnLtys(Z)--NHNH2, Z(OMe)-(RNase 57-
61)-NHNH2 [18]. . Z(OMe)--Val-Cys(MBzl)-Ser-Gln-Lys(Z)-
OMe (11.60 g, 12 mmol) in DMF (100 ml) was treated with 80% hydra-
zine hydrate (7.3 ml, 10 equiv.). The gelatinous mass7 which formed
on standing overnight7was collected by filtration and preeipitated
from DMF with MeOH to give the hydrazide (10.50 g, 9i%), m.p. 241-
243o, [or]g3 -- 3.sO (g 1.1 in D)4so), Rfl o.46. Amino acid analysis:
Val 1.11, Ser O.94, Glu 1.l4, Lys 1.00, average recovery 91% (Found:
C, 56.21; H, 6.40; N, l2.47. C47H6sNgO13S.112 H20 requires C,56.l6;
H, 6.62; N, 12.54%).
               tt                                              ''                    .t  Z(OMe)-Gln-Ala-NHNH-Troc. . Z(OMe)-Ala-NHNH-Trg[)
(22.08 g, 50 mmol) was treated with TFA-anisole (44 ml-11 ml) as
usual, then excess TFA was removed by evapoTation. The oily residue
was washed with n-hexane, dried over KOH pellets in vacuo for 3 hr
and dissolved in DMF (100 ml) together with Et3N (13.8 ml, O.1 mol)
and Z(OMe)-Gln--ONP (21.57 g, 50 mmol). After stirring for 48 hr,
the soltuion was concentrated and the residue was purified by pro-
cedure B followed by recrystallization from MeOH and ether (16.13
g, s7%), m.p. Ig3.-lgsO, [or]g3 - 9.80 (c O.7 in DMF), Rfl O.55, Rf2
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.59; N, 12.27%).
.62; N, 12.23･ C2oH26NsOsCl3requires C,








  '%), m.p.
   'C, 44.58
"5.27; N,
.96 g, 28 mmol) was treated
, then dry ether was added.
pellets in vacuo for 3 hr
 with Et3N (7.7 ml, 56 mmol)
. After stirring for 48 hr,
residue was purified by procedure
 from MeOH to yield the protected
 2oi--2o3o, [or]32 -33.'3o (c
               '; H, s..og; N,. !2･42, C2sH3s
           '12.55%).
            Z ( OM e') -Gln --Ala-N"t .NH-
             'with TFA- nisole (32 ml--8 ml)
   '   ' The resulting powder was dried
and dissolved in DMF (100 ml)
 and Z(OMe)-Val-ONP (13.67 g,
 the solution was concentrated
      B followed by recrystal-
         ' tri ep ide (13.22 g, 70
           'O.5 in DMF), Rfl O.52 (Found:
      'N60gC13 requires C, 44.82; H,
AZS.Y2!g=AgRlg!2!(OM)A (OB 1) Val Gln Ala NHNH Troc [19]Z(OMe)-
Val-Gln-Ala-NHNH-Troc (13.39g, 20 mmol) was treated with TFA-ani-
sole (26 ml-6i6 ml) as usual and the Nct-deprotected peptideoiso-
             '   '                                 '                          'lated as mentioned above7was dissolved in D)4F (120 ml) together
with Et3N (5.5 ml, 40 mmol) and Z(OMe)-Asp(OBzl)-ONP (12..19 g, 24
mmol). After stirring for 48 hr, the solution was concentrated and
                       'the residue was purified by procedure B followed by precipitation
from D}fF with MeOH to yleld the protected tetrapeptide (11.70 g,
                         2367%), m.p. 200-2020, [odD T l7.10 (c 1.1 .in DMF), Rfl O.56(Fgund:
C, 49.58; H, 5.14; N, 11.09. C36H46N7012C13 requires C, 49.40; H,
                                                 '5.30; N, 11.20%). ･ '･ '
Z(OMe)-Asp(OBz1)-Val-Gln--Ala-NHNH, Z(OMe)-(RNase53-56)-
      .･ The above protected tetrapeptide (8NHNH:::Z:::2
in DMF-AcOH (50 ml-50 ml) was treated with Zn powder
                    '                                     'equiv.) for 72 hr. Some gelatinous mass which forrned
into solution with a slight warming and the solution
                                -141-
.O g, 9 mmol)
(6.0 g, IO
was brought
 was f ltere .
The filtrate was concentrated in vacuo at 300 and the residue was
treated with a saturated solution of EDTA and 5% NaHC03. The re-
suiting mass was collected by filtratipn, washed with H20 and pre-
                      'cipitated frorn DMF with MeOH to yield the hydrazide (4.04 g, 63%),
m.p. 226O-22sO,.[eq32 -- 13.7O (c･o.4 in DMso)', Rfl o.53. Amino acid
                        'analysis: Asp 1.10, Val 1.00, Glu 1.08, Ala O.99, average recovery
                                               'g6% (g,ound: c, 56.82;.H, 6.64; N, 14･Ol･ C33H4sN701o requires C, '
56.64; H, 6.48; N,.l4.01%). ' ･
                                           '     Z(OMe -Leu-A!a-NHNH-Troc. . Z(OMe)-Leu-ONP (22.70
                           tt      '                                     t.g, 55 mmol) and Et3N (13.8 ml, O.1 rnol) were added to a solution.of
H-Ala-NHNII-Troc. TFA salt (prepared from 22.10 g, 50. mmo! of the
                                                     'Z(OMe)-derivative as stated above) in DIY[F (100 ml). After stirring
                                       '  'for 48 hr, the solution was concentrated and the residue was puri-
                                                              'fied by procedure A fol!owed by recrystallization from MeOH and
ether to yield the protected dipeptide (16.03 g, 58%), m.p. 85-880,
[ct]g2 -16.2o (c o.6 in DMF), Rfl o.8s (Found: c, 45.19; H, 5.20;
N, 10･08･ C21H2gN407C13 requires C, 45.37; H, 5.26; N, !o.o8%).
  '              '                 '    ' ' '                  '                                            '                .t                    '          '   . Z(OMe) -S er -Leu-Ala -NHNH-Troc.' ' Z(OMe )-Leu -Ala-NHNH-
Troc (15.90 g, 29 mmol) was treated with TFA-anisole (32 ml--8 ml)
as usual, then dry ether was added. The resulting powderf isolated
as mentioned earlier7 was dissolved in DMF (80 ml). To this ice-
                                                     'chilled solution, the az±de (prepared 'from 9.70 g, 34 mmol of
                                                          '  'Z(OMe)-Ser-NHNH2) in DMF (50.ml) and Et3N (7.9 ml, 58 mmol) were
added. After stirring for 48 hr, the solution was concentrated and
the residue was purified by procedure A followedby recrystalliza-
tion from AcOEt and ether to yield the protected tripeptide (!6.15
g, ss%), m.p. g6-ggO, [or]g2 - 14.IO (c O.5 in DMF), .Rfl O.67 .
(Found:C, 44.69; H, 5.27; N, 10.73. C24H34NsOgC13 reguires C, 44.83
    '
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Z(OMe)--Glu(OBzl)-Ser-Leu-Ala-NHNH-Troc [20].
The above protected tripeptide (16.10 g, 25 mmol) was treated with
TFA-anisole (32 ml-8 ml) as usual, then dry ether was added. The
resulting powder> isolated as mentioned aboveswas dissolved in DbCF
                                                               '(130 ml) together with Et3N (6.9 ml, 50 mmol) and Z(OMe)--Glu(OBzl)-
ONP (13.10 g, 25 mmol). After stirring for 48 hr, the solution was
concentrated and the residue was purified by procedure B followed''
by recrystallization from MeOH to afford the protected tetrapeptide
(17.31 g, 80%), m.p. 182-1840. [oc]S2 -10.60 (c O.7 in D)CF), Rfl
o.64 (Found: C, 49.87; H, 5.26; N, 9.79･ C36H47N6012C13 reqUireS
                     'C, 50.15;･ H, 5.50; N, 9.75%). .' ･ ･･ '                                      '                             '
                                                            '    '     '     Z(OMe)-Glu(OBz1)-Ser-Leu-A.1a-NHNH2, Z(OMe)-(RNase 49-52)-
               'imNH2. The above protected tetrapeptide (12.60 g,
15 mmol) dissolved in DMF-AcOH (60 ml-60 ml) was treated with Zn
powder (9.61 g, 10 equiv.) for 72 hr. Some gelatinous mass which
formed during the reaction was dissolved with a slight warming. The
solution was filtered, the filtrate was concentrated in vacuo at
300 and the residue was treated with a saturated solution of EDTA
                              '                                   'and 5% NaHC03. The resulting mass was washed with H20 and precipi-
tated from D)CF with MeOH to yield the hydrazide (6.50 g, 65%), m.p.
             23222-2240, [ct]D -- 8.30 (c O.4 in DMSO), Rfl O.65. Amino acid analy-
sis: Glu 1.07, Ser O.81, Leu O.91, Ala 1.00, average recovery 95%
(Found: C, 57.83; H, 6.78; N, 12.35. C3sH46N601o.requires C, 57･71;
H, 6.75; N, 12.24%).
                                    '     2(oMe)-phe-val-His-oMe. z-va!-His-oMelOl)(2o.12 g,
50 mmo,1) dissolved in a mixture of THF (150 ml) and IN HCI (100 ml,
2 equiv.) was hydrogenated oyer a Pd catalyst for 8 hr, then the
catalyst was removed by filtration. The filtrate was concentrated
and the residue, after drying over KOH pellets in vacuo for 3 hr,
                                                                  'was dissolved tn DMF (150 ml) together with (l3.8 ml, O.1 mol) and
                                                         ''
                               -143-
                                         's
Z(OMe)-Phe--OH (16.47 g, 50 mmol). DCC (12.0 g, 58 mmol) was added
and the mixture, after stirring for 48 hr, was fUtered. The filt-
rate was concentrated and the residue was treated with ether. The
resulting powder was washed with ether and 5% NaHC03 and incubated
in MeOH (150 ml) containing AcOH (6 ml) at 500 for 4 hr. The sol-
vent was evaporated and the residue was recrystallized from MeOH
               'and AcOEt to afford the protected tripeptide ester (21.42 g, 74%),-
m.p. 190--1920, [odi2 - 7.00 (c O.3 in DMF), Rfz O.51 (Found: C,'
62.12: H, 6.50; N, 12.!O. C3oH37Ns07 requires C. 62.16; H, 6.43; N,
                                        '         '       '           '      '
     Z(OMe)-Phe-Val-His-NHNH2, Z(OMe)-(RNase 46-48)-NHNH2 [21]･
          - The above protected tripeptide ester (5.80 g, 10 mmol)
in DMF (50 ml) was treated with 80% hydrazine hydrate (6.3 ml, 10
equiv.) overnight, then the solvent was evaporated. Trituration of
the residue with ether followed by recrystallization from MeOH gave
the' protected tripeptide hydrazide (3.22 g, 56%), m.p. 197-2000,
   22[ct]D -- 2.90 (c 1.0 in DMSO), Rfl O.43. Amino acid analysis: Phe
1.05, Val 1.00, His O.89, average recovery 92% (Found: C, 58.98; H,
6･22; N, 16･59･ C2gH37N706.112 H20 requiTes C,59.17; H, 6.51; N,
16e66%)･ '' '
                                          '      '     Z(OMe)-Asn.Thr-OMe. Z(OMe)-Asn-ONP (20.50 g, 49
    'mmol) and Et3N (6.8 ml, 49 mmol) were added to a stirred solution
of H-Thr-OMe (prepared from 9.16 g, 54 mmol of the hydrochloride
with 7.5 ml, 54 mmol of Et3N) in DMF (100 ml). After 48 hr, the
solution was concentrated and the residue was purified by procedure
B follpwed by recrystallization from MeOH and AcOEt to give the
protected dipeptide ester (12.ol g, 6o%), m.p. 16s-17oo, [eqg2 -
1.50 (c O.7 in DMF), Rfl O.82 (Found: C, 52.26; H, 6.19; N, 9.95.
ClsH2sN30s requires C, 52.55; H, 6.l3; N, lo.21%).
                                         '                                          '/                   '                                '    '                                         '     '          ･ -144- '
                                    ' Z OMe)-Val-Asn-Thr-OMe. ' , Z(OMe)-Asn-Thr-OMe (8.23
                       'g, 20 mmo!) was treated with TFA-anisole (16 ml-4 ml) as usual,
then dry ether was added. The resulting powder, isolated as men-
    'tioned earlier, was dissolved in DMF (50 ml) together with Et3N
                                                                     ''(5.5 ml, 40 mrnol) and Z(OMe)--Val-ONP (8.85 g, 22 mmol)･ After stiF-
ring for 24 hr, the solution was concentrated and the residue was
                                                               ttpurified by procedure B fo!lowed by precipitation from DMF wi h
MeOH to afford the protected tripeptide ester (6.19 g, 61%), m.p.
                                         '22g--2310l '[oc]32 -- 1.oe.(c l.o in DMF)? Rfl O.15 (Found: C, 53.81;
H, 6.67; N, 10.93. C23H34N40g reqyirgs C, 54.ll; H, 9.71; N, 10.98
             ' '         '  '
                                  '                        ttt t t      t                                 '            ''' '                          '            '                '   '    ' '                        tt ttt.' Z(OMe)-Lys(Z)-Pro-Val-Asn-Thr-OMe:-. ''. ' Z(oMe)-Val-Asn-
Thr:O}4e (4.09 g, 8.0 mmol) was treated with TFA-anisole (15 ml-2.6
                       'ml) as usual, then dry ether was added. The resulting powder was
dissolved in D}fF (25 ml) together with Et3N (2.3 ml, l7 mmol) and
                                                                   ttz/(oMe)-Lys(z)-pro-opcpi02)(7.lo g, g.'o mmoi). After stirring over--
night, the solution was concentrated and the residue was purified
by procedure A followed by precipitation from DMF with MeOH to af-
 ford the protected pentapeptide ester (4.35 g, 63%), m.p. I93-1980,
 [cz]32 - 20.2O (c 1.3 in DMF), Rfl'O.69 (Found: CH, 56･80; H, 6･71;･.
 N, 11.07･ C42HsgN70i3.H20 requires C, 56.81; H, 6.92; N, ll.o4%).
       '                     '                                     '       '                   '       '                            tt      gZ.SS2!!g2.:!,QLssj22-:!{!!g:Mi!,E:s}w:,Liit.:"tE£E(OM)Ls(Z)ProValAsnThrNHNH2,Z(Oly[e)-(RNase41-45-
NHNH2 [22]. Z(OMe)-Lys(Z)-Pro-Val-Asn･-Thr-OMe (10.87
g, 12.5 mmol) in DMF (80 ml) was treated with 80% hydrazine hydraFe
(7.8 ml, 10 equiv.) overnight, then the solvent was evaporated. The
                                                       'residde was treated with MeOH and the resulting mass was precipi-
tated from D]Y[F with MeOH to give the protected pentapeptide hydra--
zide (6.o3 g, ss%), m.b. Ig2--lgsO, [or]33 -3s.ge-(c 1.1 in DMso),
Y.6,O;4gA."i:;lgZ-,al C2.2",2il2:':asS,]201i.::Z,ie?ig,Y:t,9k!3g.g;P, ,,
                                        ' '                                               '･ -145-                                                       '
14･l9･ C41HsgNgO12･H20 requires C, 55.45; H, 6.92; N, 14.2o%).
Z OMe -C s(MBzl -L s(Z)-Asn-Gl -Gln-Thr-Asn-C s(MBzl)-Tr-Gln-
Ser-T r-Ser-Thr-Met(O)-Ser-Ile-Thr-As (OBzl)-C s(MBzl)-Arg(MBS)--
Glu(OBz1)-Thr-Gly-Ser-Ser-Lys(Z)-Tyr-Pro-Asn-Cys(MBz1)-Ala-Tyr-
L s(Z)-Thr-Thr--Gln-Ala-Asn-Lys(Z)-His--Ile-!le-Val-Ala-Cys(MBzi)-
Glu(OBzl)--Gl -Asn-Pro-T r-Val-Pro--Val-His-Phe-As OBzl -Ala-Ser-
Val-OBzl, [Abbreviated as Z(OMe)-(RNase 65-124)--OBzl or Z(OMe)-
Czs.s(slggL!,2-::!,2LEsE2-:E}Ewtz:st2}t:tAttz:Elt2z,!:MBi)L(Z)AGi(69i24)OBi]･ Z(OMe)-(RNase
69-124)--OBzl (9.49 g, 1.2 mmol) was treated with TFA-anisole (50
                                                         'ml- 10 ml) as usual, then dry ether was added. The resulting powder
                                      '                           'was collected by filtration, dried over KOH pellets in vacuo for 3
                                            ''hr and dissolved in PMSO-DMF-NMP (1:1:l, 70 ml) containing Et3N
 (O.50 ml, 3.6 mmol). To this ice-chilled solution, the azide (pre-･
pared from 3.07 g, 3.6 mmol of Z(OMe)-Cys(MBzl)-Lys(Z)-Asn-Gly--
                                                          '                ' ''NHNH2) in DMF (20 ml) aqd Et3N (O.50 ml, 3.6 mmol) were added.
After stirring for 48 hr, the solution was concentrated and the
                 '                                 'residue was purified by procedure B followed by precipitation (6
                                                      'times) from DMSO with }(eOH to yield the proteeted hexacontapeptide
ester (9.04 g, 88%), Tri.p. 2460 dec., [ot]g3 - 22.50 (c i.o in Dl![so),
Rf3 =o (Found: c, 50.78; H, 6･21; N, l2･17･ C4o6Hs43N7gOl14S7･54
H20 requires C, 51.05; H, 6.87; N, U.59%).
Z OMe -(RNase 62-124)--OBzl[Z(OMe)-Asn--Val-Ala-(65-124)-OBzl].
          Z(OMe)-(RNase 65-l24)--OBzl (9.03 g, 1.05 mmol) was
treated with TFA-anisole (50 ml-10 ml) as usual and the Nct-depro-
tected peptidetisolated as ment±oned aboveewas dissolved in DMSO-
DMF-NM? (1:1:1, 70 ml) containing Et3N (O.44 ml, 3.16 nmol). To
this ice-chilled solution, the azide (prepared from O.59 g, 3.16
mmol of Z(OMe)-Asn-Val-Ala-NHNH2) in DMF (5 ml) and Et3N (O.44 ml,
3.16 mmol) were added and the solution, after stirring for 48 hr,
was concentrated. The residue was purified by procedure B followed
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by precipitation (8 times) from DMSO with MeOH to yield the pro-
tected trihexacontapeptide ester (8.18 g, 88%), m.p. 2390 dec.,
[.ct]g3 -2s.2o (c o.g in DMso), Rf3 F o (Fo.un6: c, s4.25; H,' 6.38; N,
                                    '         '12･99･ C41sHs63Ns3011sS7･18 H20 requires C, 54.64; H, 6.s7; N,
12･66Ye)t
Z(OMe)-(RNase 57-124)--OBzl, [Z(OMe)-Val--Cys(MBzl)-Se,r-Gln:
Lys(Z)-(62-124)-OBzl]. Z(OMe)-(RNase 62-124)-OBzl (8.17
g, O.92 mmol) was treated with TFA-anisole (50 ml-10 ml) as usual
and the Nct--deprotected peptide,isolated as mentioned above,was dis-
solved in DMSO-DMF-HMPA (1:1:1, 60 ml) containing Et3N (O.38 ml,
2.77 mmol). To this ice-chilled solution, the azide (prepared frorn
3.22 g, 3.23 mmol of Z(OMe)-Val-Cys(MBzl)-Ser--Gln-Lys(Z)-NHNH2) in
bMF (20 ml) and Et3N (O.45 ml, 3.23 mmol) were added and the solu--
tion, after stirring for 48 hr, was concentrated. The residue was
purified by procedure B followed by precipitation (6 times) from
DMSO with )CeOH to yield the protected octahexacontapeptide ester
(8.oo g, 90%), m.p. 2400 dec., [ctID23'.26.50 (c 1.1 in DM'SO), Rf3 =
o (Found: c, s2.4o; H, 6.38; N, i2･59･ C4s6H6i6NgoOi2sSs･40 H20
requires C, 52.74; H, 6.76; N, 12.14%).
Z(OMe)-(RNase 53-124)-OBzl, [Z(OMe)-Asp(OBz!)-Val-Gln-Ala-
S2tZ:!ZA2:9!}g!!-:7!24)OBzl]･ Z(OMe)-(RNase57-124)-oBzl(7.99g,
O.83 mmol) was treated with TFA-aniosle (40 ml-8 ml) for 80 min
and the Neqdeprotected peptide, isolated as mentioned above, was
dissolved in DMSO-Dba7-Hb4PA. (1:1:1, 70 ml) contalning Et3N (O.34 ml,
2.48 mmol). To this ice-chilled solution, the azide (prepared from
                                         '   ' '2.03 g, 2.90 mmol og Z(OMe)-Asp(OBzl)-Val-Gln-Ala-NHNH2) in DMF
( 10 rn1) and Et3N (O.40 ml, 2.90 mmol) were added and the solution,
after stirring for 96 hr, was concentrated. The residue was puri-
fied by procedure B followed by precipitation (4 times) from DMSO
with MeOH to yield the protected doheptacontapeptide ester (7.59 g,
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90%), m.p. 2440 dec
53.14; H, 6.31; N,
53.48; H, 6.71; N,
     Z OMe)-(RNase
             '., [cx]g3 -27.4o (c o.7 in DMso), (Found: c,
                      tti2･88･ C4soH64gNgsbi3sSs.34 H20.requires C,
        '
                ttt                    '49--l24)--OBzl, [Z(OMe)--Glu(OBzl)--Ser-Leu-Ala-(53-
mpt4)-OBzl]. Z(OMe)--(RNase 53-124)-OBzl (7.85 g, O.75
                 '      'rTunol) was treated with TFA-tihisole (40 ml-8 ml) as usual and the
Nct-deprotected peptide,isolated as mentioned above,was dissolved
in DMSO-DMF-moA (1:1:1, 80 ml) containing Et3N (O.31 ml, 2.24
            'mmol). To this iceTchilled solution, the azide (prepared from l.79
g, 2.61 mmo! of Z(OMe)-Glu(OBz1)-Ser-Leu-Ala-NHNH2) in DMF (15 ml)
and Et3N (O.36 ml, 2.61 mmol) were added. After stirring for 48 hr,
                             'the solution was concentrated and the residue was purified by pro-
cedure B followed by precipitation (4 times) from DMSO with MeOH to
                                                             'yield the protected hexaheptacontapeptide ester (7.40 g, 93%), m.p.
2440 dec., [ct]S3 - 28.30 (c O.7 ±n DMSO)S (Found: C, 53.81; H,
6･44; N, 12･85. Cso4H6s3NggO142Ss.30 H20 requires C, 54.06; H,
                                       '                                                             'Z(OMe)-(RNase 46-124)-OBzl, [Z(OMe)-Phe-Val-His-(49-124)-
OBzl].･. - Z(O){e)-(RNase 49-124)-OBzl (7.39 g, O.69 mmol)
was treated with TFA-anisole (40 ml-8 ml) as usual and the Nct-de-
protected peptide, isolated as mentioned above, was dissolved in
DMSO-DMF-H)([PA (1:1:1, 70 ml) containing Et3N (O.29 ml, 2.08 mmol).
To this ice-chilled solution, the azide (prepared from 1.41 g,
2.43 mrnol of Z(OMe)--Phe-Val-His-NHNfl2) in DMF (9 ml) and N-methyl-
                                                  'morpholine (O.27 ml, 2.43 mmol) were added and the solution was
stirred for 48 hr. Additional azide (prepared from O.81 g, !.39
rnmol of the hydrazide) in DMF (5 ml) and N--methylmorpholine (1.5
ml, 1.39 mmol) were added. Stirring was continued for'48 hr, until
the solution became ninhydrin negative. The solvent was removed
by evaporation and the residue was purified by procedure B fol-
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lowed by precipitation (6 times) from DM$O with MeOH to y±eld the
protected nonaheptacontapeptide ester (7.26 g, 95%), m.p. 2400 dec.,
[oc]S3 -25.5e (c O.5 in DMSO), (Found: C, 54.53; H, 6.36; N, 13.22･
Cs24H7osNlo4014sSs･25 H20 requires C, 5".77; H, 6.6s; N, i2.6s%).
     tt              '                                                      '     Z(OMe)-(RNase 41-124)-OBzl, [Z(OMe)-Lys(Z)-Pro-Vai-Asn-Thr--
(46-124)-OBzl]. Z(OMe)-(RNase 46-l24)-OBzl (6.24,
g, O.57 mmol) was treated with TiA-anisole (35 ml-7 ml) and the Nct-
deprotected peptide, isolated as mentioned above, was dissolved in
DMSO--DMF-HMPA (1:l:1, 50 ml) containing Et3N (O.32 ml, 2.26 mmol).
To this ice-chilled solution, the azide (prepared from 1.72 g, 1.98
mmol of Z(OMe)-Lys(Z)-Pro-Val-Asn--Thr-NHNH2) in DMF-DMSO (1:1, 12
                          'ml) and Et3N (O.28 ml, 1.98 mmol) were added and the solution was
"stirred for 48 hr. Additional azide (prepared from O.98 g, 1.13
amol of the hydrazide) in DMF-DMSO (1:1, 8 ml) and Et3N (O.16 ml,
1.13 mmol) were added and the solution, after further stirring for
48 hr, was concentrated. The residue was purified by procedure B
followed by preeipitation (2 times) from DMSO with DMF, then DMSO
with MeOH to yield the protected tetraoctacontapeptide ester (5.69
                            23                            D - 28.30 (c O.4 in Dly!SO),. (Found:g, 86%), m.p. 2490 dec., [or]            tt tc, s3.42; H, 6.42; N, l3.20. Css6H7ssNlnOls4Ss･39 H20 requireS C,
53.77; H,. 6.76; N, 12.53%). ･ '                                  '     For testing purity, the product (250 mg), dissolved in 5% H20-
DMSO (4 ml), was applied to a column of Sephacryl S-200 (2.5 x 131
cm), which was eluted with 5% H20--DMSO at a flow rate of 39 ml/hr.
Individual fractions (7 ml each) were collected and absorption at
275 nm was measured. A single peak with small tailing was detected
(Fig. 3). The desired fractions (Tube Nos. 32-60) were collected
and the solvent was removed by evaporation and the residue Was
treated with MeOH to give a powder (233 mg, 93%). No significant
difference was observed･in arnino acid analyses, before (Table 4)
and after the gel-filtration: Asp 10.17, Thr 6.52, Ser 6.39, Glu
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Fig.3. Gel-fUtration of
       Z (O.pt!e ) - ( RNase 41-124 ) -oB zl
       on Sephacryl S-200
  O.D.i275 nrn
2.0
l.Otr










                  '
, Gly 3.09, Ala 7.03, Val 8.79, Met
                               'O.97, Tyr 5.26, Phe 2.00, Lys 6.18,
recovery 9!%).
+ Met(o) O.82,
      'His 2.69, Arg
"
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Se.ction 5. Synthesis of the Protected S-Protein (Posi-
    ･ ' ' tions 21-l24) and the protected S-p.eptide
              (Positions l-20) . '' ･                                                  '             '' '                                                            '                                '                                       ' tt                  '                                     '     Z OMe -C s(MBzl)-NHNH-Troc. DCC (11.30 g, 55 mmol)
was added to a stirred solution of Z(OMe)-Cys(MBzl)-OH (20.27 g,
50 mmol) and Troc-NHNH2 (ll.40 g, 55 mmol) in AcOEt (250 ni)..
                                      'After 48 hr, the solution was filtered, the fUtrate washed with
10% citric acid, 5% NaHC03 and H20, dried over Na2S04 and concent-
rated. Trituration with ether followed by recrystallization from
AcOEt and ether afforded the substituted hydrazide (20.20 g, 68Z),
m.p. I26-12gOs [ct]37 -21.8e (c O.9 in DMF ), Rf2 O.51 (Found: C, .
46.58; H, 4.45; N, 7.07;.C23H26N307SC13 requires C, 46.43; H, 4.41;
                                            '
                          '      '                                                  '                '      '                       '                                        '   '               '     Z(OMe)-Arg(MBS)-Cys(MBzl)-NHNH-Troc. ' Z(OMe)-
                                               'Cys(IYIBzD-NHNH--Troc (8.15 g, 14 mmol) was treated with TFA-anisole
                                                  '(16 ml- 4 ml) as usuaZ, then excess TFA was removed by evaporation.
The oily residue was washed with n-hexane and dissolved in 4.2 N
HCI-dioxane (4.0 ml, 16 mmol). The solvent was evaporated and the
resulting oil, after washing with n-hexane, was dissolved in DIYlll
(80 ml) together with Et3N (1.9 ml, 14 mmol), HOBT (2.22 g, 16
mmol) and Z(OMe)-Arg(MBS)--OH (7.66 g, 15 mmol). After addition of
DCC (3.39 g, l6 mmol), the solution was stirred for 48 hr, filtered
and the filtrate was eoneentrated. The residue was purified by pro-
cedure A followed by recrystallizat±on from AcOEt and ether to af-                                                            22ford the protected dipeptide (11.33 g, 90%), m.p. 95-980, [ct]D. .-
15.6O (c O.5 in MeOH), Rfl O.69 (Found: C, 47.08; H, 4.65; N,
10･65. C36H44N70uS2C13 requires C, 46.93; H, 4.81; N, lo.64%).'
                                               ' '             '                '        '                                             '     Z(OMe)-Asp(OBz1)-Arg(IY[BS)-Cys(MBz1)-NHNH-Troc [23].
The above protected dipeptide (11.33 g, 12 mmol) was treated with
                              -152-
TFA-anisole (23 ml-5.6 ml) as usual, then dry ether was added. The
resulting powder was collected by filtration, dried over KOH pel-
iets in vacuo for 3 hr and dissolved in DMF (100 m!) together with
Et3N (3.4 ml, 25 mmol) and Z(OMe)-Asp(OBzi)-ONP (7.51 g, 15 mmol).
After stirring for 48 hr, the solution was concentrated and the
residue was purified by procedure A followed by recrystallization
from AeOEt and ether to give the protected tripeptide (10.50 g,
                        2276%), m.p. 10Z-1050, [ct]D -11.50 (c 1.3 in D)4F), Rfl O.66 (Found:
                              'C, 50.86; H, 4.97; N, 10.34. C47HssNsO14S2C13 requires C, 50.11;
H, 4.92; N, 9.95%).
,ZS(9)!g2=!>OMe)-Asp(OBz1)-Arg()CBS)-Cys(Mlz1)-NHNH2, Z(OMe)-(RNase 38-
40)-NHNH2 The above proteeted tr±peptide (10.36g; 9.2 mmol) in AcOH (100 ml) was treated with Zn powder (6.0 g,
10 equiv.) for 48 hr and the solvent was evaporated in vacuo at the
bath temperature below 250. The residue was treated witha saturated
solution of EDTA to give a gelatinous mass, which was washed with
5% Na2C03 and H20 and recrystallized from dioxane and ether to'
afford the protected tripeptide hydrazide (7.0! g, 80%), m.p. 161-
167O, {ct]i3 - 23.4O (c Z.4 in DMSo), Rfl O.53. Amino acid analysis:
Asp 1.00, Arg O.82, average reeovery 87% (Found: C, 54.41; H, 5.59;
N, 11.33. C44Hs4NsO12S2･H20 requires C, 54.53; H, 5.82; N, 11.56%)v
     Z(OMe)-Thr-Lys(Z)-OH. Z(OMe)-Thr--OPCP (42.40 g,
80 mmol) was added to a stirred solution of Lys(Z) (22.40 g, 80
mmol) in 50% aqueous pyridine (220 ml) containing Et3N (21.6 ml,
O.16 mol). After 48 hr, the solvent was evaporated and the residue
was purified by procedure C followed by recrystaZlization from
MeOH and AcOEt to yield the pToteeted dipeptide (27.03 g, 62%),
            'm.p. !41--14sO, [orl32 '+ i3.oO (c o.5 in Dl!fl?), Riil O･35 (Found: C,
59.70; H, 6.44; N, 7.80. C27H3sN30g requires C, 59.43; H, 6.46; N,
                                        '7.7 0Z) . '
                              -153-
     Z;s(!,u!lgz.:!tgu::{!!!:!2zssk,!=!,E!:OM)Le [ChrLs(Z)OH. Z(OMe)-Thr--Lys(Z)-oH
(12.40 g, 23 mmol) was treated with TFA-anisole (20 ml-6 ul) as
                                                                ' ''usual, then dry ether was added. The resulting powder ±solated as
mentioned above, was dissolved in DMF (80 ul) tegether with Et3N
                                                             '(9.5 ml, 69 mmol) and Z(OMe)-Leu-ONP (9.61 g, 23 mmo!). After stir-
ring for 48 hr, the solution was concentrated and the residue was
purified by procedure C [ollowed by recrystallization froTn AcOEt
                                             'to give the proteeted tripeptide (l2.42 g, 83%), m.p. 99-1040,
[or]33 + o.6 (c o.s in DMF), Rfl O.57 (Fo{ind: c, 5g.89; H, 7.00; N,
8･71.. C33H46N401o requires C, 60.17; H, 7.o4; N, s.sl%).
                    '         ''                                              '
     -2Zs!ul!gz.:s!Eg:kgy:u}!:ttzEsEz=y!h(OMe)AnL ThrLs(Z)OH Z(OMe)-Leu-Thr-
                                      'Lys(Z)-OH (9.01 g, 13.7 mmol) was treated with TFA-anisole (9 ml-
4.5 m!) as usual, then dry ether was added. The resulting powder,
isolated as mentioned above, was dissolved in D)dil (90 ml) together
                                                                  'with Et3N (5.7 ml, 41 mnol) and Z(OMe)-Asn-ONP (7.40 g, 18 mmol).
After stirring for 48 hr, the solution was concentrated and the res-
 idue was treated with 5% citTic acid and ether to form a powder,
which was washed with 5% citrie acid and H20 and precipitated from
DMF with AcOEt to afford the protected tetrapeptide (8.13 g, 77%),
m.p. ws--lsle, [or]32 -14.30 (c l.4 in DMF), Rfl O.32 (Found: C,
57.44; H, 6.80; N, 10.82. C37Hs2N6012 requires C, 57.50; H, 6.78;
N, 10.88%).
     Z(OMe)-Arg(MBS)-Asn-Leu--Thr-Lys(Z)-OH. DCC (2.47 g,
12 mmol) was added to a stirred solution of Z(OMe)-Arg(MBS)-OH
(6.15 g, 12 mmol) and DNP-OH (2.23 g, 12 mmol) in AcOEt-DMF (30 ml-
5 ml). After 5 hr, the solution was filtered and the filtrate was
submitted to the following condensation reaction. Z(OMe)--Asn-Leu-
Thr-Lys(Z)-OH (8.50 g, 1! mmol) was treated with TFA-anisole (16.8
ml-4'.2 ml) and the Nct-deproteeted peptide, isolated as mentioned
above, was dissolved in DMF (50 ml) containing EtSN (4.6 ml, 33
                '                                             ,'                               -154-
'mmol). This solution was mixed with the solution containing the
                                          'DNP ester. After stirring for 48 hr, the solution was concentrated
and the residue was purified by washing with 5% citric acid and
:;g,g21to,w;d..?l,ge,:r,zgt:zlgsaE-iog,x?m.¥ o.H,zgEs:2?t,ss3gf{ozd.,:?e
(c O.1 in DMF), Rf2 O.14 (Found: C, 54.59; H, 6.62; N, 12.63. Cso-
H7oNioO16S requires C, 54..63; H, 6.42; N, i2.74%).. - ' .
                                     ' '                                        '  '
     gZSS221g,L:!y!g-y!!21±!!sg:!di:!glz:llssu:!,!us(OMe)Arg(MBS)AsnLe[[hrL(Z)OMe An
etheral solution of diazomethane was added to an ice-chillgd solu-
tion of Z(OMe)--Arg(IY[BS)-Asn-Leu-Thr-Lys(Z)-OH (6.34 g, 5.8 mmol)
in DMF-MeOH (1:1, 100 ml) untU the yellow color pers±sted for 30
min. After addition of a few drops of AcOH, the solution was con-
c"entrated and the residue was tr±turated with ether. The resulting
powder was washed with 5% Na2C03 and H20 and precipitated from DMF
with AcOEti to give the proteeted pentapeptide ester (4.48 g, 70%),
                  22m.p. 158-1600,. [ct]D -'12.10 (c 1.0 in DIY[F)-, Rfl O.61 (Found: C,
55.01; H, 6.38; N, !2.55. CslH72NloOl6S requires C, 55.02; H, 6.52;
N, 12.58%).
     Z(OMe)-Arg(MBS)-Asn-Leu-Thr-Lys(Z)--NHNH2,,Z(OMe - RNase 33-
3LZ)-:NtH!NHL 2 [24]. - [rhe above methyl ester (4.01 g, 3.6
mmol) in DMF (.40 ml) was treated with 80% hydrazine hydrate (2.3
rnl, 10 equiv.) overnight. The solvent was evaporated and the resi-
due was triturated with MeOH. Precipitation of the resulting mass
from DMF with MeOH afforded the hydrazide (3.30 g, 82%), m.p. 237-
         22         D in 11.69 (c l.P in DMSO), Rfl O.55. Amino acid analysis:24oo, [orl
                                                    'Asp 1.01, Thr O.94, Leu 1.00, Lys l.13, Arg O.87, average recovery
                                                    'g4% (Found: C, 53.76; H, 6.30; N, 14.88. CsoH72N1201sS reqUireS C,
                                           '53.94; H, 6.52; N, 15.10%).
                                                               129)
     Z(OMe)--Met-Lys(Z)-Ser-OMe. Z(OMe)-Lys(Z)-Ser-OMe
                               -155-
(16.37 g, 30 mmol) was treated with TFA-anisole (33 ml-8.2 ml) as
usual and dry ether was added. Thg resulting powder was dissolved
in 4.21 N HCI-dioxane (7.13 ml, 30 mmol), the soivent was evapo--
rated and the residue was treated with ether. The resulting powder
was collected by filtration, dried over KOH pellets in vacuo for
                                                            '   '3 hr and dissolved in DMF (150 ni) together with Et3N (4.14 ml, 30
mnol) and Z(OMe)-Met-OH (9.40 g, 30 mnol). After addition of DCC
(6.80 g, 33 mmol), the solution was stirred for 48 hr, filtered
and the filtrate was concentrated. The residue was purified by pro-
:,eg"s;.2.[2i.3o::d,,2y,,g.E2cg'z,ig:tt:2.;r,o:,"yl,l,yt:.2?oig,E2,･gf.I,oi:,33
- 12.90 (c O.2 in Dlff), Rfi O.60 (Found: C, 56.87; H, 6.62; N,
8.42･ C32H44N401o requires C, 56.79; H, 6.55; N, 8.2s%).
      '            ' .Z OMe -}{et O -L s(Z)-Ser-OMe. ' ' Nal04 (2.35 g, !1
mmol) in H20 (50 ml) was added to an ice-chilled solution of .
                                                       'Z(OMe)-)4et-Lys(Z)-Ser-OMe (6.77 g, 10 mmol) in DMF-MeOH (30 ml-50
                                                 'ml). After stirring at 40 for 24 hr, the solution was concentrated
and the residue was treated with ether and H20e The resulting pow-
der was precipitated from DMF with MeOH to afford the sulphoxide
                                 22(6.20 g, 90%), m.p. 2e7-2110, [ct]D + 2.10. (c O.9 in DMF), Rfl
          'o.7g, Rf2 o.62 (Found: c, 55.29; H, 6.41; N, 8.06. C32H44N4011S
requires C, 55.48; H, 6.40; N, 8.09%).
                                                   '     Z(OMe)-Met(O)-Lys(Z)-Ser-MINH2, Z(OMe)-(RNase 3O-32 -NHNH2
[25]. Z(OMe)-Met(O)-Lys(Z)--Ser-OMe (6.03 g,' 8.7 mmol)
in DMF-MeOH (40 ml-10 ml) was treated with 80% hydrazine hydrate
(4.4 ml, 8 equiv.) overnight. The solvent was evaporated off and
the residue was precipitated fromDMFwith MeOH to give the hydra-
zide (4.97 g, 82%), m.p. 22i-2240, [odS2 + 2.00 (c 1..O in .DMSO),
Rfl O.61, Rf2 O.20. Arnino aeid analysis: Met + Met(O) O.82, Lys
             '1.00, Ser O.71, average recovery 90% (Found: C, 53.54; H, 6.67;
         '                                                      tt        '                           -l56-
N, i2･10･ C3!H44N601o requires C, 53.74; H, 6.40; N, 12.!3%)..
                                                          ''                ' '          '                                                         ''                ' '       '     Z OMe --Gln-Met-OMe. Z(OMe)-Gln-ONP (64.65 g, O.15
mol) and Et3N (20.7 ml, O.15 mol) were added to a stirred solut±on
of H--bCet-OMe (prepared from 29.85 g, O.15 mol of the hydroch!oride
with 20.7 ml, O.!5 mol of Et3N) in D!y[F (300 ml). After 48 hr, the
solution was concentrated and the residue was purified by procedure
                'B followed by recrystallization from dioxane and MeOH to give the
 protected dipeptide ester (46.41 g, 6s%), m.p. 162-17oo, [or]33 -
 7.00 (c 1.4 in DMF), Rfi O.43 (Found: C, 53.12; H, 6.63; N, 9.33.
 C2oH2gN307S requires C, 52.73; H, 6.42; N, g.23%).
                     '                         '                                                ''                  '. Z OMe -Gln-Met(O)-OMe. ' Nal04 (1.93 g, 9 mmol) in
zO,"8k2 {l,l,gaE,agd;:dti.;; z･: kg,efiE:{llil-i22,s:l:;iio:,;I K;2::'gG,l･:;,.g
 at 40 for 12 hr, the solution was concentrated and the residue was
 washed with H20 to remove the inorganic salt; some of the product
 was lost, due of its water solubility. Precipitation from DIY[F with
 ether afforded the sulphoxide (1.60 g, 40%), m.p. Iss--ls60, [ct]2D3
 - IS.90 (e !.8 in DMF), Rfl O.70, Rf2' O.55 (Found: C, SO.93; H,
 6.13; N, 8.91. C2oH2gN30sS requires C, 50.94; H, 6.20; N, 8.91%).
  '          '            '
      Z OMe --Asn-Gln-Met(O)-OMe. .-------Z(OMe)-Gln-Met(O)-OMe
 (7.77 g, 16.5 mmol) was treated with TFA-anisole (30 ml-8 nl),as
 usual, then dry ether was added. The resuZting powder, isolated as
 mentioned above, was dissolved in DM]7-DMSO ( 100 ml-50 ml) together
 with Et3N (4.55 ml, 33 mmol), HOBT (O.50 g, 3.3 mmol) and Z(OMe)-
 Asn-ONP (6.89 g, 16.5 mmol). After stirring for 24 hr, the so!ution
 was concentrated and the residue was purified by washing with 5%
 citric acid and H20 followed by precipitations( 2 times) from DMSO
 with AcOEt to yield the protected tripeptide ester (7.01 g, 73%),
 m.p. 216-22o"; [ct]2D3 - lg.60 (e o.5 in DMso) ,' Rfl O.37 (Found: C,
                ･' -l57- .                                          '
                                                    '                t/                                                         ''47.18; H, 6.19; N, ll.41. C24H3sNsOloS. 1.5 H20 requires C, 47.05;
H, 6.25; N, 11.43%). Attempts to wash with 5%Na2C03 or precipitate
from DMSO with IY[eOH or EtOH produced a pasty material that was dif-
ficult to collect by fUtration. ' '. ' '                                                        '           tttt                                                                 ''     Z(OMe)-Asn-Gln-Met(O)-NHNH2, Z(OMe)--(RNase 27-29)-N}INH2 [26].
             Z(OMe)-Asn-Glh-Met(O)-OMe (4.82 g, 8.2 mmol) in DMSO-
MeOH (20 ml-5 ml) was treated with 80% hydrazine hydtate (2.06 ml,
4 equiv.) at 4e overnight. The soZvent wa's evaporated and the res-
idue was precipitated twice from DMSO with MeOH to afford the hy-
drazide (4.68 g, 97%), m.p. 226-2290, [or]iO ; 23.50 (c O.9 in Dmsoj,
Rfl O.14. Amino acid analysis: Asp l.OO, Glu 1.03, M.et + Met(O)
O.71, average recovery 98% (Found: C, 46.53; H, 6.!O; N, 16.13..
C23H3sN70gS･ 1/2 fl20 requires C, 46.45; H, 6.lo; N, 16.4g%).
                                         '                                '                         '                           ' Z(OMe)--Asn-Tyr-OMe. Z(OMe)-Asn-ONP (12.98 g, 31.1
                               '                                          'mmol) and Et3N (4.29 ml, 31.l mmol) were added to a stirred solu-
tion of H--Tyr-OMe (prepared from 7.29 g, 37.3 mmol of the hydro-
chloride with 5.15 ml, 37.3 mmol of Et3N) in D]!F (100 ml). After
24 hr, the solution was concentrated and the residue was purified
by procedure B followed by precipitation (2 times) from MeOH and
ether to give the protected dipeptide ester (10.61 g, 72%), m.p. 1.
171-1720, [or]iO + 8.20 (c 1.l in DMF), Rfl O.45 (Found: C, 58.37;
H, S.83; N, 8.87. C23H27N30s requires C, 58.34; H, 5.75; N, 8.88%),.
                             '
･ .EZy,!!g,!.:s}ER:!iz!!:u""(OMe)AsnTrNHNH2. Z(OMe)-Asn--Tyr-OMe(6.05g,
12.8' mmol) in DMF-MeOH (30 ml-5 ml) was treated with 80% hydrazine
hydrate (6.4 ml, 8 equiv.) overnight and MeOH (200 m!) was added.
The resulting gelatinous mass was preeipitated twice'from DMF with
                                                             23MeOH to afford the hydrazide (5.63 g, 93%), m.p. 215-2180, [ct]D "
1.70 (c O.6 in DMSO), Rfl O.22 (Found: C, 55.99; H, 5.78 N, 14.95'.
C22H27Ns07 requires C, 55.80; H, 5.7s; N, 14.7g%). ･ .
                              -158-
      Z OMe -Asn-T r-C s(ly[Bzl)-OMe. The azide (pre-
         '                                                    ' pared from 5.02 g, 10.6 nmol of Z(OMe)-Asn-Tyr-NHNH2) in DMF (20
        ' ml) and Et3N (l.61 ml, 11.7 mmol) were added to an ice--chilled
 solution of H-Cys()4Bzl)-OMe (prepared from 6.17 g, 14.7 mmoi of the
 Z(O]y[e)-derivative by the usual TFA treatment followed by neutrali-
 zation with 2.23 ml, 16.2 mmol of Et3N) in DMF (45 ml). After stir-
 ring for 24 hr, the solution was concentrated and the residue was
 purified by procedure B followed by precipitation twice from DMF
 with MeOH to yield the methyl ester (6.02 g, 82%), m.p. 198-2000,
 [oc]2D3 -37.30 (c O.7 in DMF), Rfl O.68 (Found: C, 58.53; H, 5.65;
                   '                                                   'N, 8.20. C34H4oN401oS requires C, 58.61; H, 5.79; N, 8.o4%). ･
                                       '      Z(O}Ie)-Asn-Tyr-Cys()CBz1)-NHNH2, Z(OMe)-(RNase 24-26)-NHNH2
"[27]. Z(OMe)-Asn-Tyr-Cys(MBzl)--OMe (6.02 g, 8.7 mmol)
 in DMF-MeOH (30 ml-5 ml) was treated with 80% hydrazine hydrate
 (4.3 ml, 10 equiv.) overnight. Addition of MeOH (200 ml) gave a
 gelatinous mass, which was precipitated from DMF with MeOH to give
                                                20 the hydrazide (5.33 g, 88%), m.p. 224-2260, [ct]D                                              - 20.30 (c 1.2
 in DMSO), Rfz O.39. Amino acid analysis: Asp 1.00, Tyr 1.01, ave-
 rage recovery 94% (Found: C, 56.62; H, 5.79; N, ll.97. C3sH4oN60gS
 requires C, 56.88; H, 5.79; N, l2.06%).
                                                               ''      Z(OMe)-Ser-Ser-OMe. The azide (prepared from                             ' IO.05 g, 36 mmol of Z(OMe)-Ser-NHNH2) in DMF (70 ml) and Et3N
 (4.90 ml, 36 mrnol) were added to an ice-chilled solution of H--Ser-
 OMe (prepared from 7.18 g, 46 mmo! of the hydrochZoride with 6.36
 ml, 46 mnol of Et3N) in DMF (35 ml). After stirring for 24 hr, the
 solution was concentrated. Trituration with EtOH followed by pre- '
 cipitation from DMF with EtOH afforded the protected dipeptide es-
 ter (10.22 g, 6o%), m.p. 124-1270, [ct]33 +l2.10 (c O.4 in D]y[F). Rfl
     ' o.s2 (Found: c, sl.47; H, 5.91; N, 7.45. C16H22N20s requireS C,
                                    ' 51.89; H, 5.99'; N, 7.56%). ' .' . '                                                '                                             ''                '                                                 '       -159-
        OMe -Ser-Ser-Ser--OMe. N Z(OMe)-Ser-Ser-OMe (8.10
 g, 22 mmol) was treated with TFA-anisole (24 ml-8 ml), as usual, ,
and dry ether was added. The resulting powder, isolated as men-
                                   '                                             'tioned above, was dissolved in DIY[F (80 mi) containing Et3N (3.02
ml, 22 umol). To this iee-chUled solution, the azide (prepared
                                           'from 6.20 g, 22 mmol of Z(OMe)-Ser-NHNll2) in DMF (50 ml) and Et3N
(3.02 ml, 22 mmol) were added. After stirring for 24 hr, the solu-
tion was concentrated. Trituration with EtOH foUowed by precipita-
tion from DMF with EtOH afforded the proteeted tripeptide ester
(7.62 g, 76%), m.p. 188-l890, [ct]33 ･+ 7.90 (c O.5 in DMF), Rfl O.67
(Found: 50.18; H, 5.95; N, 8.90. ClgH27N301o requires C, 49.89; H,
                                                   '
                                                      .t                          '                                '               '       '                       ''                '                                                      '                                          'Z(OMe)-Ser-Ser-Ser-NHNH2, Z(OMe)-(RNase 21-23)-NHNH2 ![2SJ..
            Z(OMe)-Ser-Ser-Ser-OMe (5.01 g, 11 mmoi) in DMF-MeOH
(20 ml-30 ml) was treated with 80% hydrazine hydrate (2.74 ml, 4
                                             'equiv.) overnight. The solvent was removed by evaporation and the
residue was precipitated from DMF with MeOH to give the hydrazide
(4.42 g, 88%), m.p. 209-2140, [or]3e +5r2O (c O.8 in Dly[SO), Rfl
o.41 (Found: c, 46.64; H, 5.94; N, 15.06. ClsH27NsOg. 1/2 H20 re-








His-Phe-Asp(OBzl)-Ala-Ser-Val-OBzl, [abbreviated as Z OMe - RNase
38-124)-OBzl or Z(O)Ce)-As (OBzl)-Ar (MBS)-C s(1![Bzl)- 41-124 -
OBzl)]. Z(OMe)-(RNase 41-124)-OBzl (6.21 g, O.53
      -160-
mnol) was treated with TFAranisole (28 ml-7 ml), then dry ether
                                                   ''was added. The resulting powder was collected by filtration, dried
'over KOH pellets in vacuo for 3 hr and dissolved in DMSO-DMF-HMPA
 (1:l:l, 50 ml) containing Et3N (O.29 ml, 2.12 mmol). To this ice-
ehilled solution, the azide (prepared from 1.5Z g, 1.59 mmol of
                                            'Z(OMe)-Asp(OBzl)-Arg(MBS)-Cys(MBzl)-NHNH2) in DMF (12 nl) and Et3N
 (O.22 ml, l.59 mmoZ) were added and the mixture was stirred at 40
for 72 hr. The additional azide (prepared from 1.01 g, 1.06 mmol
of the hydrazide) in Z!MF (5 ml) and Et3N (O.15 ml, 1.06 mmol) were
added and the mixture, after stirring for additional 48 hr, was
coneentrated. The residue was purified by procedure B followed by
'precipitation (4 times) from DMSO with MeOH to yield the protected
heptaoctacontapeptide ester (s.62 g, ss%), m.p. 246o dec., [or]33 -
                   '"29.4e (c O.4 in D}4So), Rf = O (Found: C, 53.62; H, 6.31; N, 12.41.
                     '' 'CsglH7g7Nn70163Slo･ 38 H20 requires C, 53.96; H, 6.6g; N, 12.46%).
2ZES9g!g,L:.S,SSSSgsg-m22:ua2=g!2zLl-usy2!s}2=s!Egs2!l2(OM)(RN 33l24)OBi[Z(OM)Ar(MBS)Asn-Leu-Thr--
Lys(Z)-(38-124)-OBz1]. .------------ Z(OMe)-(RNase 38-124)-OBz1
(5.61 g, O.45 mmoi) was treated with TFA-anisole (24 ml-6 ml) and
the Nct-deprotected peptide , isolated as mentioned above, was dis-
solv6d in DMSO-DMF-moA (l:1:1, 40 ml) containing Et3N (O.25 ml,
1.8 mmol). To this ice-chilled solution, the azide (prepared from
1.50 g, 1.35 mmol of Z(OMe)-Arg(IY[BS)-Asn-Leu-Thr-Lys(Z)-]NffINH2) in
DIY[F (8 ni) and Et3N (O.l9 ml, 1.35 mmol) were added and the mix-
ture was stirred for 72 hr. The additional az,ide (prepared frorn
1.00 g, O.90 mmol of the hydrazide) in DMF (6 ml) and Et3N (O.12
ml, O.90 mmol) were added and the mixture ･, after stirring for
additional 72 hr, was concentrated. The product was purified by
procedure B followed by precipitation (2 times) from DMSO with
DIYllS. Further precipitations from DMSO with n-BuOH and from
                                                      'DmsO with MeOH afforded the protected dononacontapeptide ester,
free from contamination of the acyl component on tlc (4.96 g, 82%),
          '                                 '                               -!61-
m.p. 2510 dec., [ct]
52.45; H, 6.25; N,
53.13; H, 6.75; N,-
       '
         '
     Z(OMe)-(RNase
                                             'g3 . 31.go (e o.4 in 'Digso), Rf = o (Found': C, .
                                        ttt12.12. C632Hss7N127017sSn.50 H20 requires ･C,' '
            /  '
                           '30-124)-CBzl [Z(OMe)-Met(O)-Lys(Z)-Ser-(33-124)-
                                              'OBzl].. . Z(OMe)-(RNase 33--124)-OBzl (4.95 g, O.37
mmol) was treated with TFA-anisole (24 ml･-6 ml) and the Nct-depro-
tected peptide-solated as mentioned abovej was dissoZved in DMSO-
DMF-H]Y[PA (1:1:1. 40 ml) containing Et3N (O.21 ml, 1.52 mmol). To
this ice-chilled solution, the azide (prepared from O.77 g, 1.11
mmol of Z(OMe)-Met(O)-Lys(Z)-Ser-NHNH2) in DMF (6 ml) and Et3N
(O.16 ml, 1.16 mmol) were added and the nixture was stirred for 72
hr. The additional azide (prepared from O.5! g, O.74 mmol of the
hydrazide) in DIYlll (5 ml) and Et3N (O.10 ml, O.74 mmol) were added
and stirring was continued for 48 hr. The third batch of azide
(prepared from O.51 g, O.74 nmol of the hydrazide) in DMF (5 ml)
and Et3N (O.!O ml, O.74 umol) were added and the reaction was con-
tinued for an additional 48 hr, until the solution became ninhyd-
rin negative. The solvent was evaporated and the residue was puri-
fied by procedure B followed by precipitation (3 times) from DMSO
with DMF, then once frorn DMSO with MeOH to afford the protected ,
pentanonacontapeptide ester with no contamimation of the acyl com-
ponent on tlc (4;18 g, 81%)', m.p. 2480 dec., [or]g3 -24.20 (c o.4
in DMso), Rf = O (Found: C, 53.5,7; H, 6.26; N, l2.48. C632Hss7N127-
                                                 'O17'sSl2･ 40 H20 require's C, 53.79; H, 6.69; N, 12.s6%),
                 '                       '                                 ''                    '                                     '                                 'Z(OMe)-(RNase 27-124)-OBzl [Z(O)te)-Asn-Gln-Met(O)-(30-124)-
OBzl]. ･ Z(OMe)-(RNase 30-124)-OBzl (4.17 g, O.30
mmol) was treated with TFA-anisole (25 ml-5 ml) and the Nor-depro-
tected peptidetisolated as mentioned- abovefwas dissolved in DMSO-
DMF-HMPA (1:1:1, 40 ml) containing Et3N (O.17 ml, l.23 mmol). To
this ice--chilled solution, the azide (prepared from O.88 g, 1.50
                              -162-
mmol gf Z(OMe)-Asn-Gln-Met(O)-NHNH2) in DMF-DMSO (1:1, 7 ml) and
Et3N (O.21 ml, 1.52 mmol) were added. After 72 hr, the 2nd batch of
the azide (prepared from O.35 g, O.60 mmol of the hydrazide) in DMF-
DMSO (1:1, 3 ml) and Et3N (O.09 ml,.O.65 mmoZ) were added. After an
additional 48 hr, the 3rd batch of the azide (prepared from O.35 g,
O.60 mmol of the hydrazide) in DMSO-DMF (1:l, 3 ml) and Et3N (O.09
ml, O.65 mmoi) were added and st±rring was continued for a further
48 hr, until the solution became ninhydrin negative. The solvent was
evaporated and the residue was purified by procedure B followed by
precipitation from DMSO with DIY[F (2x). Further precipitations from
       'DMSO with n--BuOH (2x) and from DMSO with MeOH (lx) afforded the
                                                       '               'protected octanonacontapeptide ester, free from contamination of
the acyl'omponent (3.47 g, 81%)', m.p. 2410 dec., [or];3 L 23.4o
(c o.6 in DmsO), Rf = O (Found: C, 53.69; H, 6･43; N, 12･80. C66s-
Hg12N13601ssS13.33 H20 requires C, 53.97; H, 6.63; N, l2.sl%). ･
                                                        '' '                                                    '
     Z OMe - RNase 24-124 -OBzl Z OMe -Asn-T r-C s(lyfi]z･1 - 27-124 -
OBzl]. Z(OMe)-(RNase 27--l24)-OBzl (3.46 g, O.24
mmol) was treated with TFA-anisole (20 ml-4 ml) and the Nor-depro-
tected peptide, isolated as mentioned above, was dissolved in '
DMSO-DMF--Hlyl]?A (1:1:1, 30 ml) containing Et3N ,(O.14 ml, l.Ol mmol).
To this ice-chiLled solution, the azide (prepared from O.85 g,
1.22 mmol of Z(OMe)-Asn-Tyr-Cys(MBzl)-NHNH2) in DMF (7 ml) and
Et3N (O. 17 ml, 1.23 mmol) were added and,after 72 hr, the 2nd
batch of the azide (prepared from O.34 g, O.49 mmol of the hydra-
zide) in DMF (3 ml) and Et3N (67 vl, O.49 mmol) were added. After
an additional 48 hr, the same amounts of the azide and Et3N were
added and stirring was continued for 48 hr, until the solution be-
came ninhydrin negative. The solution was coneentrated and the res-
idue was purified by procedure B followed by precipitation frorn
DMSO with n-BuOH (3x). Further precipitation from DMSO with MeOH
afforded the protected henhectapeptide ester, free from contamina--
                              -163-
iss:,,bl,I?g.a?:i.,fzmp...o"s".,t,:? klc. (g'1;.gA,?. 6[', ',:l:s,2fi?O,e;2 i. ',,
             '12.60. C6g2Hg4oN14oOlg4Sl4. 33 H20 requires C, 54.08; H, 6.6o; N,
                                                            '   '                            tt t      '         '                    tt t tt     '                                              '    '     Z(OMe)-(RNase 21-124)-OBzl [Z(OMe)-Ser-Ser-Ser-(24･-124)-OBzl,
Protected S-Protein]. Z(OMe)-(RNase ?4-124)-OBzl
(3.09 g, O.21 mmoi) was treated with TFA-anisole (?O ni-4 ml) and
the Ngdeprotected peptide, isolated as mentioned above, was dis--
                                               ttsolved in DMSO-DMF-HbCPA (1:1:1, 25 ml) containing Et3N (O.12 ml,
O.87 mmol). To this ice-chilled solution, the azide (prepared from
                                                           '''O.58 g, 1.26 mmol of Z(OMe)-Ser--Ser-Ser-NHNH2) in Dl![F (5 ml) and
Et3N (O.18 ml, 1.30 mmol･) were adqed and, af.ter 72 hr's stirring,
3 batches of the azide (prepared from O.19 g, O.42 mmol of the hy-
drazide each) in DMF (3 ml) and Et3N (58 pl, O.42 mmol each) were
further added at 48 hr intervals. After addition of the last batch
of the azide, stirring was further continued for 24 hr, until the
solution became completely ninhydrin neggtive. H20 (250 Tr}1) was
added and the resulting powder was purified by procedure B followed
by precipitation from DMSO with n-BuOH (3x). FUrther precipitation
from DMSO with MeOH afforded the proteeted tetrahectapeptide ester,'
free from contamination with the acyl component on tZc (2.59 g,
s2%), m.p. 2460dec., [or133 -21.10 (c o.7 in DMso), Rf = o.
     For testing purity, the sample (202 mg) was dissolved in 5%
H20-DMSO (2 ml) and applieq to a co!umm of Sephacryl S-200 (3 x
142 cm), and eluted with 5% H20-DMSO. rndividual fractions (10 ml
each) were colleeted and absorption at 275 nm was determined. A
single peak with a minor tailing was detected (Fig. 4). Fractions
corresponding to the main peak (tube Nos. 22-55) were collected,
the solvent was evaporated and the residue was treated with MeOH '
to give a powder (182 mg, 90%). No signifieant differences in amino
                     'acid analyses was noted, before (Table 5) and after gel-filtration:
                '                                          '                      '  '
Asp 14.21(14), Thr 7.49(8), Ser 9.44(12), Glu 9.09(9), Pro 3.81(4),
Gly 3.06(3), Ala 6.71(7), Val 8.62(9), Met + Met(O) 2.17(3), Zle
2.09(3), Leu 2.05(2), Tyr 6.42(6), Phe 2.00(2), Lys 8.44(8), His
2.31(3), Arg 2.84(3)t average recovery 86% (Found: C, 53.00; H,
6.24; N, 12.95. C7olHgssN14302ooS14. 43 H20, M.W. 15033.690 +
hydration, requires C, 53.26; H, 6.64; N, 12.67%).
                                                                50)
     .Z(OMe)-Ala-Ala-NHNH-Troc. Z(OIY[e)-Ala-NHNH-Troc
                                      tt(37.0 g, 84 mmol) was treated with TFA-anisole (50 ml-18ml) as
usual, then excess TFA was removed by evaporation. The oily residue
"was washed with n-hexane, dried over KoH pel!ets in vacuo for 3 hr
         ttand dissolved in Dly[F (200 ml) together with Et3N (23.5 r![L, O.17
 mol) and Z(OMe)-Ala--ONP (36.02 g, 96 mmol). After stirring for 48
 hr, the solution was concentrated and the residue was purified by
                                     'procedure A followed by recrystallization form AcOEt and ether t027
 give the dipeptide derivative (36.04 g, 91%), m.pp ll8-1200, [ct]D
 - 11.50 (c1･.4 in DIYfF), Rfl O.63 (Found: C, 42.31; H, 4.52; N,
                       '10･69. ClsH23N407C13 requires C,42.08; H, 4.51; N, lo.gl%).
      Z(OMe)-Ser-Ala-Ala-NHNH-Troc. - Z(OMe)-Ala-Ala--NHNH-
 Troe (41.03 g, 80 mmol) was treated with TFA-anisole (40 ul･-15 ml),
 then excess TFA was removed by evaporation. The oily residue, iso-
 lated as mentioned above, was dissolved in Dlst[F (250 ml) together
 with Et3N (22.05 Ml, O.16 mol) and Z(OMe)-Ser-OPCP (41.36 g, 80
 mmol). After stirring for 48 hr, the solution was concentrated and
 the residue was purified by procedure A followed by recrystalliza-
                                                                   'tion from MeOH to give the protected tripeptide derivative (34.60
                            25 g, 7-2%), m.p. 179-1830, [or]D -3.80 (c O.8 in DIY[F), Rfl O･53
 (Found: c, 42.'o2; H, 4.65; N, !1.76. C21H2sNsOgC13 requires C,
            '                                                             tt               '                                                      '
41.98; H, 4.70; N, 11.66%).
                                                                   ''                                       ' Z OMe)-Ser-Thr-OMe. The azide (prepared from 32.76 g,
                        '      'O.12 mol of Z(OMe)-Ser-NHNH2) in DMF (200 ml) and Et3N (15.95 ml,
O.12 mol) were added to an ice-chilled solution of H-Thr-OMe (pre-
pared from 18.01 g, O.12 mol of the hydrochloride with 15.97 ml, ''
                           '                       tt tt tO.12 mol of Et3N) in DIYIF (150 ml).' After stirring for 24 hr, the
                                                                     'solution was concentrated and the residue was purified by procedure
                                                 '    'A followed by recrystallization from MeOH and ether to give the
protected dipeptide (21.20 g, 48%), m.p. 12S--1270, [ct]BO + 7.20 (c.
1.0 in DMF), Rfl O.66 (Found: C, 53･09; H, 6･50; N, 7･27. C17H24'
N20s requires C, 53.12; H, 6.29; N, 7.2g%).
       /t                                 '                    '                 '       '          '     Z(OMe)-Ser-Thr-NHNH2. Z(O)Ce)-Ser-Thr-OMe (13.20
g, 34 rnmol) in MeOH (80 ml) was treated with 80% hydrazine hydrate
                                                             !(17 ml, 8 equiv.) overnight. The resulting mass was precipitated
from DMF with2ljeOH to yield the hydrazide (11.05 g, 85%), m.p.
204-2070, [Ct]D + 10.50 (c O.7 in DMSO), Rfl O.50 (Found: C, 49.86;
                                                                   'H, 6.40; N, 14.67. C16H23N307 requires C, 49.99; H, 6.29; N, 14.58
%)･
Z(OMe)--Ser-Thr-Ser-Ala--Ala-NHNH-Troc
Ala-NHNH'-Troc (!4.77 g, 25 mmol) was treated
ml-14 ml) as usual, then dry ether was added
was dried over KOH pellets in vacuo for 3
(120 ml) containing Et3N (3.39 ml, 25 mmol)
solution, the azide (prepared from 10.42 g,
Thr-NHNH2) in D){F (70 ml) and Et3N (3.74 ml
and the soldtion, after stirring fosc 48 hr
residue was purified by proeedure B followed
DMF with ]Y[eOH (2x) to y±eld the protected                                  25(17.15 g,89%), m.p. 224-2280, [or]D -･ 7.50
                          '                       '                               -166-
. Z(OMe)-Ser-Ala-
  with TFA-anisol  (42
   . The resulting powder
hr and dissolved in DMF
  ; To this ice-chil ed
   27 mmol f Z(OMe)-Ser-
 , 27 mmol) were added
 , was concentrated. The
   by prec±pitations from
pentapeptide d6rivative
  (c 1.6 in MSO), Rfl
O.32. Amino acid analys±s: Ser 1.39, Thr O.85,
recovery 91% (Found: C, 42.67; H, 5.19; N,12.63
quires C, 42.62; H, 5.11; N, 12.43%).
       '                                 '     Z OMe -Ser-Ser--Thr-Ser-Ala--Ala-NHNH-Troc.
Ala 2.00, average
; C2sH4oN7013C13
Thr-Ser-Ala-Ala-NHNH-Troc (17.15 g, 22 umol)
anisole (50 ml-17 ml) and the Nct-deprotected
mentioned above, was dissolved in DMF (150 ml)
ml, 22 mmol). To this ice-chilled solution, the
from 7.39 g, 26 mmol of Z(OMe)-Ser-NHNH2) in
(3.6 ml,. 26 rnmol) were added. After stirring
tion was concentrated and the residue was purified
followed by precipitation from DMF with MeOH
            ':ected hexapeptide derivative (16.99 g, 89%),
- 7.40 (c 1.1 in DMF), Rfl O.4!.･ Amino acid ana!ysis:
Thr O.94, Ala 2.00, average recovery 80% (Found
                                   'N, 12.71･ C31H4sNsOlsC13 requires C, 42.50; H,
     Z(OMe)-Asp(OBut)-Ser-Ser-Thr-Ser-Ala-Ala-NHNH-Troc,
re-
           Z(OMe)-Ser-
was treated with TFA-
peptide, isolated as
  eontaining Et3N (3.0
   az de (prepared
          'DMF (70 ml) and Et3N
for 48 hr, the solu-
     by proc dure B
(2x) to yield the pro-
 m･p. 241-244o, [ct]g5
        Ser 2.46,
  : C, 42.47; H, 5.42;
5.18; N, 12.79%).
            z ( oMe) -
(RNase 14-20)-NHNH-Troc [A]. Z(OMe)-Ser-Ser-Thr-Ser-Ala-
Ala-NHNH-Troc (9.33 g, 10.7 mmol) was treated with TFA-anisole (40
                                                     'ml-10 ml) and the Nct-deprotected peptide, isolated as mentioned
above, was dissolved in DMSO-DMF (l:1, 100 ml) together with Et3N
(2.94 ml, 21.3 mmol) and Z(OMe)-Asp(OBut)-ONP (S.05 g, 10.7 umol).
After stirring for 24 hr, the solution was concentrated and the
residue was purified by procedure B followed by precipitation from
DMF with MeOH (2x) to give the protected heptapeptide derivative
                                  20                                     - g.2o (c o.g in DMso), Rf(8.77 g, 79%), m.p. 2210 deC , [or]D l
O･l9, Rf3 O･82. Amino acid analysis: Asp 1.00, Ser 2.24, Thr O.86,
Ala 2.00, average recovery 93% (Found: C, 44.38; H, 5.54; N, 11.65.
C3gHssNgO18C13･ 112 H20 requires C, 44.34; H, s.63; N, ll.g3%).
                          '               '
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                                                             ' Z(OMe)-Met(O)-NHNH-Troc. . DCC (10.89 g, 53 mmol) was
                                                                  '' 'added to a stiTred solution of Z(OMe)-Met(O)-OH (15.84 g, 48 mmol)
and Troc-NHNH2 (10.97 g, 53 mmol) in THF (200 ml). After 24 hr, the
filtered solution was concentrated and the residue was purified by
                                                          'procedure A fbllowed by reerystallization from AcOEt to give the'
hydrazide derivative (16.22 g, 65%), m.p. 133-1380, [q]35 + l2.gO
                                                           ttt(c 1.0 in DMF), Rf2 O.56 (Found: C,.39.25; H, 4.23; N, 8･Ol･ C17-
H22N307S C13 requires C, 39.35; H, 4.27; N, s.lo%). .
                     '                           '            '                '                                            ' .Z(OMe)-Gln-His-Met(O)-NHNH-Troc. - Z(OMe)-Met(O)-NHNH-
                                                            ttTroc (10.63 g, 20.5 mrnol) was treated with TFA-anisole (40 ml-10
ml) as usual, then n-･hexane was added. The resulting oily precipi-
tate was dried over KOH pellets in vacuo for 3 hr and disso.lved in
DMF (.100 ml) containing Et3N (2.83 ml, 20.5 mmol). To this ice-
chilled solution, the azide (prepared from 9.46 g, 20.5 mnol of
Z(OMe)-Gln-His-NHNfl297)) in Drdl (80 ml) and Et3N (2.83 ml, 20.5
mmoi) were added and the mtxture, after stirring for 48 hT, was
concentrated. The residue was dissolved in n-BuOH saturated pre-
viously with H20. The organic phase was washed three times with 5%
Na2C03 and H20, dried over MgS04 and concentrated. The residue was
2.seg,d :;':.;.:;o,,2ng.i2.:g:.tziliigl,ioE,f;zm,,?t:?,io,2,ix:,gh.?. ?ag, '
+ 6.50 (c 1.1 in DMF), Rfl O.49 (Found: C, 42.99; H, 5.04; N,
14･45･ C2sH37NsOloSC13 requires C, 42.89; H, 4.76; N, 14.2g%).
             '
     Z(OMe)-Arg(IY[BS)-Gln-His-Met(O)-NHNH-Troc. Z(OMe)-
Gln--His-Met(O)-NHNH-Troc (10.58 g, Z3.5 mmol) was treated with
                                                   'TFA-anisole (30 ml-IO ml), then dry ether was added. The resulting
powder,'isolated as mentioned previously, was dissolved in Dly[F
(100 ml) containing Et3N (3.72 ml, 27 mmol). To t.his ice-chilled
solution, the mixed anhydride (prepared from 8.23 g, 16.2 mmol of
                                                               'Z(O)Ce)-Arg(MBS)-OH) in dry THF (60 ml) was added. After stirring
                              -168-
in an ice･-bath for 3 hr, the solution was concentrated and the res-
   tt tidue was purified by washing5% NaHC03 and H20 followed by precipi-
tation from DMF with MeOH to afford the protected tetrapeptide
deriyative (lo.72 g, 72%), m.p. !76-lslO, [ct]35 - ls.oo (c o.7 in
               'DMF), Rfl o.s3 (Found: C, 44･98; H, 5･21; N, 15･38･ C41HssN12014-
S2C13 requires C, 44.34; H, 4.99; N, 15.14%). ' .
                               ''                    '                   '   '                                          ''                 '     Z(OMe) -Glu(OBz1) -Arg(MBS) -Gln-HiS -Met (O) -NHNH-Troc [ B] .:-･-----
           Z(OMe)-Arg(bfi3S)-Gln-His-Met(O)-NHNH-Troc (11.69 g, 10.5
  'mmol) was treated with TFA-anisole (40 ml-12 ml) and the Nct-depro-
                                            '' tected peptide, isolated as mentioned above, was dissolved in DMF
                               ' (100 ml) together with Et3N (4.36 ml, 31.6 mmol) and Z(OMe)-Glu-
 (OBzl)-ONP (5.50 g, IO.5 mmol). After stirring for 24 hr, the solu--
"tion was concentrated and the residue was purified by procedure B
 followed by precipitation from D!yfF with EtOH to yield the protected
                                                          25 pentapeptide derivative (10.99 g, 79%), m.p. 192-197? [or]D -- 14.40
 (c O.7 in DMF), Rfl O.51. Amino acid analysis: Glu 2.08, Arg O.96,
                      'His 1.00, Met + Met(O) O.75, average recovery 89% (Found: C, 46.03;
                                                       '' H, 5･08; N, 13.04. Cs3H6sN13017S2C13. 2.5 H20 requires C, 46.30;
 H, 5.35; N, 13.25%).
      Z(OMe)-Glu(OBz1)-Arg(MBS)-Gln-Hisd-Met(O)-NHNH2, Z(OMe - RNase
2:EtL32=l!t!!l!3)'NHNH2･ ' The above protected pentapeptide (10.54
g, 7.9 mmol) in Dlyll-AcOH (100 ml-20 ml) was treated w±th Zn powder
(5.18 g, 10 equiv.) in an ±ce-bath for 10 min and at room tempera--
ture for 3 hr.- The solution was filtered, the filtrate was concen-
trated in vacuo at the bath temperature (below 350), and the resi-
due was treated with a saturated solution of EDTA and 5% NaHC03.
The resulting mass was washed with H20 and precipitated twice from
DMSO with )4eOH to afford the hydrazide (6.72 g, 73%), m.p. 229 --
2360, [or]BO - 22.sO ( c o.g in DMSo), Rf3 O.47. Amino acid analy-
sis: Glu 2.00, Arg 1.06s His 1.01, Met + Met(O) O.68, average re-
                              -169-
covery g3% (Found: C, 50.32; H, 6.22; N, 14'91' CsoH67N1301sS2'
2.5 H20 requires C, 50.07; H, 6.05; N,.1.5.!8%).. . . .,
                                               '       ''                '                                                               ' ' '' '                             '                                             '  tt '                            ' .IZzwug2-:!zE!.!ll=uagzyu!g(OMe)Ls(Z)PheOMe･ , DCC(22.66g,O.11mol)was
added to a stirred mixture of Z(OMe)-Lys(Z)-OH (44.45 g, O.10 mol>
and H--Phe-OMe (prepared from 21.52 g, O.!O mol of the hydrochloride
                                           'with 13.8 ml, O.10 mol of Et3N) in DMF (200 ml). After 48 hr, the
                                   tt                   'fUtered solution was concentrated and the residue was purified by      t.                                                                ttprocedure B followed by recrystallization from MeOH and AcOEt to
give the protected dipeptide ester (43.33 g, 72%), m.p. 129--1310,
[cx]i2 - 3.60 (c 1.1. in DMF), Rfl O.92 (Found: C, 65.35; H, 6.58; N','
7･18･ C33H3gN30s requires C). 65.44; H, 6.4g; N, 6.g4%). '
                                                  '    ''         '                                                    ' '     Z OMe -Ala-L s(Z)-Phe--OMe. Z(OMe)-Lys(Z)-Phe-
                                'OMe (40.01 g, 66 mmol) was treated with TFA-anisole (40 ml-20 ml)
    '                   'as usual, then n-hexane was added. The resulting oily precipitate,
isolated as mentioned previously, was dissolved in DMF (250 ml) to--
gether with Et3N (18.2 ml, O.13 mol) and Z(OMe)-Ala-ONP (26.20 g,
70 mmol) and the mixture, after stirring for 48 hr, was concen-
trated. The residue was purified by procedure B followed by re-
crystallization from dioxane and MeOH to afford the protected tri-
peptide ester (35.65 g, 80%), m.p. 159-l620, [ct]i5 - 6.gO (c 1.s
in DMF), Rfl O.85 (Found: C,. 63･97; H, 6･49; N, 7･99･ C36H44N40g
requires C, 63.89; H, 6.55; N, 8.28%).. .･ '
     Z OMe)-Ala-Ala-Lys(Z)-Phe-O}4e. Z(OMe)-Ala-Lys(Z)-Phe-
OMe (33.02 g, 49 mmol) was treated with TFA-anisole (33 ml-16 ml)
                                         'as usual, then dry ether was added. The resulting powder, isolated
as mentioned above, was dissolved in DMF (250 ml) together with '
Et3N (13･5 ml, 98 mmol) and Z(OMe)-Ala-ONP (18.70 g, 50 mmol) and
the mixture, after stirring for 48 hr, was concentrated. The resi･-
due was purified by procedure B followed by precipitation from DMF
                                          t tt    . -170-
with MeOH to afford the protected tetrapeptide ester (27.32 g, 75%),
m.p. 203-204O, [or]S5 - 9.8O (c O.6 in DMF), Rf! O.90 (Found: C, '
62.51; H, 6.48; N, 9.44. C3gH4gNsOlo requires C, 62.63; H, 6.60; N,.
                       tt9.37%).
       ''  ttt                          ''     Z(OMe)-Thr-Ala-OMe. - Z(OMe)-Thr-OPCP (37.ll g, 70
mmol) was added to a stirred solution of H-Ala-OMe (prepared from
9.77 g, 70 mmol of the hydrochloride with 9.64 ml, 70 mmol of Et3N)
in DMF (100 ml). After 48 hr, the solvent was evaporated and the
residue was purified by procedure B followed by recrystallization
        '                                             '!i09,2:?EX.;?d,:,te:,r,:? ?gf, ;,gd-t;?,gr7:est. gd,:i:;}rt, ld;l,:sse.g,(is･4g
(Found: C, 55.72; H, 6.81; N, 7.72. C!7H24N207 requires C, 55.42;
"H, 6.57; N, 7.61%).
                                     '    '                                    ' Z(OMe)-Thr-Ala-NHNtl2. Z(OMe)-Thr-Ala-OMe (21.03 g,
57 mmol) in MeOH (150 ml) was txeated with 80% hydrazine hydrate
(18 ml, 5 equiv.) overnight. The resulting mass was recrystallized
from MeOH to afford the hydrazide (18.48 g, 88%), m.p. 199-2000,
[cx]i5 + 7.10 (c O.7 in DMSo), Rfl O.64 (Fotind: C, 51.60; Il, 6･54;
N, 14･99. C16H24N406 requires C, 52.16; H, 6.57; N, 15.21%).
    .EZLLyuslz-:EA£:sys!:{w:s!Lui>LgsAz=sL{}s}=y2!s( IOMe)ThrAlaAlaA!aL(Z)PheOMe･ Z(OMe)-
Ala-Ala-Lys(Z)-Phe-OMe (7.70 g, 10.3 mmol) was treated with TFA-
anisole (30 ml-7 ml) and the Nct-deprotected peptide, isolated as
mentioned above, was dissolved in DMF (7oml) containing Et3N (l4.2 ml,
10.3 mmol). To this ice-chilled solution, the azide (prepared from
5.30 g, 14.4 mmol of Z(OMe)-Thr-Ala-NHNH2) in DMF (30 ml) and Et3N
(1.99 ml, 14.4 mmol) were added and the mixture was stirred for 48
hr. The solvent was evaporated and the residue was purified by pro-
cedure B followed by precipitation from DMF with MeOH (2x) to af-
                                                                25ford the protected hexapeptide (8.52 g, 90%), m.p. 218-2220, [ct]                                                                D
                               -171-
                                ' - 10.10 (c O.7 in DMF), Rfl O.73. Arnino acid analysis: Thr O.93,
 Ala 2.89, Lys 1.03, Phe 1.00, average recovery 91% (Found: C, 59.79 H, 6.68; N, 10.54. C46H61N7013 requires C, 60.05; H, 6.68; N, ;
 10.66%)`
                                                  t tt                                                          ''                                                       ''                                                                    '          Z--Lys(Z)--Glu(OBut)-OH. - Z-Lys(Z)-OSu (12.48 g, 24
mmol) in THF (120 ml) was added to a stirred solution of H-Glu(OBu5
 -OH (4.92 g, 24 mmol) and Et3N (6.68 ml, 48 mmol) ip H20 (50 ml).
After 24 hr, the solvent was evaporated and the residue was ext
 tracted with AeOEt. The organie phase was washed with 5% citric '
acid and H20--NaCl, dried over Na2S04 and concentrated. Trituration
with ether and n-hexane followed by recrystallization from AcOEt
and n-hexane afforded the protected dipeptide (12.23 g, 84%), m.p.
86-8gO, [ct]35 - 4.3O (c O.7 in DMF), Rfl O.68 (Found: C, 62.16; H,
6･96; N, .6･97･ C31H41N30g requires C, 62.09; H, 6.89; N, 7.01%). .
     Zptt (Z)Gl(OB )OM.-------Anetheralsolutionofdiazo-
methane was added to an ice-chilled solution of Z--Lys(Z)-Glu(OBut)-
OH (8.10 g, 13.5 mmol) ±n MeOH (80 ml), untU the yellow colour
persisted for 30 min. After addition of a few drops of AeOH, the
solvent was removed by evaporation. Trituration with ether followed
by recrystaUization from AcOEt and n-hexane afforded the dipeptide
                                     25ester (7.12 g, 86%), m.p. 64-67O, [cx]D - 5.90 (c O.9 in D)CF), Rfl
o.g7 (Found: c, 62.3s; H, 7.00; N, 6.81. C32H43N30g requires C.
62.62; H, 7.06; N, 6.85%). ･ ･ .                                          .t                                        ''                                           '     Z-Lys(Z)-Glu(OBut)-NHNH2. . Z-Lys(Z)-Glu(OBut)-
'OMe (7.11 g, ll.6 mmol) in EtOH (70 ml) was treated with 80% hydra-
zine hydrate (3.63 ml, 5 equiv.) at 40 for 48 hr, then ether was
added. The result±ng gelatinous mass was recrystallized from MeOH
and ether to afford the hydrazide (5.72 g, 80%), m.p. 101b-1050,
[ct]gP - 7.7O (c 1.0 in D}al), Rfl O.73 (Found: C, 60.07; H, 7.00; N,
                        '            '                                                              '                '                                                          '
                                                          -
  Z(OMe)-Thr-Ala-Ala-A]-a-Lys(Z)-Phe-OMe (7.74 g, 8.4 mmol) was treated
  with TFA-anisole (32 ml-8 ml) as usual, then dry ether was added.
  The resulting'powderl isolated as mentioned above, was dissolved in
  DMSO-DMF (1:1, 80 m!) containing Et3N (1.l7 ml, 8.4 mmol). To this
  ice-ch±11ed solution, the azide (prepared from 6.22 g, IO.1 mmol of
  Z--Lys(Z)-Glu(OBut)-NHNH2) ±n DMF (30 ml) and Et3N (1.40 ml, 10.1
" mmol) were added and the mixture, after stirring for 48 hr, was
                                                          '  concentrated. The residue was purified by procedure B followed by
  prec±pitation from DMSO with ly[eOH to afford the protected octapep-  tide ester '(9.67 g, 86%), m.p. 233-2360, [ct]i5 -12.oO (c o.8. in
  BMF), Rfl O.76, Rf6 O.69. Amino acid analysis: Lys 2.02, Glu 1.00,
  Thr O.89, Ala 2.86, Phe 1.00, average recovery 87% (Found: C,
  60.85; H, 6.88; N, 10.34. C6sHg2NloOls requires C, 61.06; H, 6.93;
       '                                                 '  N, 10.47%). '
       z-Lys(z)--Glu(OBut)-Thr-Ala-Ala-Ala-Lys(Z)-Phe-NHNH2, Z:
                                                             octa-
                                                          (4:1, 70
                                                         e qu iv .) for
                                                           was washed
                                                         the pro-
                                                                20                                                          o, [OL]D -
                                                        ana1ysis:
                                                            recovery
                                                        requires C,
11･85. C31H43NsOs requires C, 60.67; H, 7
     Z-Lys(Z)-Glu(OBut)-Thr-Ala-Ala･-Ala-L
.06; N, U.41%).
 s(Z)-Phe-OMe.
RNase 1-!)-NHN}l2 [C]. ･ The above.protected
peptide ester (7.21 g, 5.4 mmol) dissolved in HMPA-MeOH
ml) was treated with 80% hydrazine hydrate (1.69 ml, 5
24 hr, then H20 (300 ml) was added. The resulting powder
with H20 and precipitated from DMSO with MeOH to yield
tected octapeptide hydrazide (6.31 g, 88%), m.p. 234･-238
l5.10 (c 1.1 in DMSO), Rf3 O.86, Rfs O.28. Amino acid
Lys 2.00, Glu l.Ol, Thr O.96, Ala 2.90, Phe 1.00, average
g2% (Found: c, sg.g6; H, 6.99; N, 12･30･ C67Hg2N12017
               '60.16; H, 6.93; N, 12..57%).
       '              '           tt




 (4.28 g, 4.1 mmol) was treated with TFA-anisole (16 ml-4 ml) in an
ice-bath for 3 hr and at room temperature for 30 min, then dry
ether was added. The resulting powder, isolated as mentioned above,
was dissolved in DysO--DMF (1:1, 40 ml) containing Et3N (1.13 ml,
                         '8.2 mnol). To this ice-chilled solution, the azide (prepared frorn
4.71 g, 4.1 mmol of Z(OMe)--(RNase 9-13)-NHNH2) in DMSO--DIY[F (1:1,
30 ml) and Et3N (O.56 ml, 4.1 mmoi) were added and the solution,
after stirring for 24 hr, was concentrated. The residue was puri-
fied by procedure B followed by precipitation from Dly[F with AcOEt
(2x) to afford the protected dodecapeptide derivative (6.14 g,
77%), m.p. 209-2030, [ct]g5 - 13.60. (c O.9 in DbcSO), Rf3 O.66.
Amino acid analysis: Asp 1.04, Thr O.89, Ser 2.35, Glu 2.11, Ala
                                 '2.00, Met + Met(O) O.93, His 1.05, Arg 1.04, average recovery 88Z
                                     '                         '(Found: c, 46.13; H, 5.82; N, 13･63･ C76HlosN2o03oS2C13･ 2･5 H20
requires C, 45.77; H, 5.56; N, 14.04%).
                        '                            '           '
     Z--Lys(Z)-Glu(OBut)-Thr--A!a-A!a-Ala-Lys(Z)--Phe-Glu(OBzl -
Arg(MBS)-Gln--His-Met(O)-Asp--Ser-Ser--Thr--Ser-Ala--ALa-NHNH-Troc.
  ' . The above protected dodecapeptide (1.24 g, O.64
mmol) was treated with TFA-anisole (4 ml-1 ml) and the Nct-deproe
teeted peptide, isolated as mentioned above, was dissolved in DMSO--
DMF (i:1, 7 ml) containing Et3N (O.18 ml, 1.27 nmol) and N-methyl-
morpholine (O.07 ml, O.64 mnol). To this ice-chilled solution, the
azide (prepared from O.85 g, O.64 mmol of Z--(RNase 1-8)･-NHNH2 [C])
                                        'in DMSO-DMF (1:1, 6 ml) and N-methylmorpholine (O.07 ml, O.64 mmol)
                                                  'were added. After st±rring for 48 hr, the solution was concentrated
and the residue was purified by procedure B followed by precipita--
gg';:..ue.e."vig,:`!h, y:,o?,(kg.t;,ggfggi.:h?,,:i,otsci:f,go?2sg?gp:.s'de
DMSO), Rf3 O.76. Amino acid analysis: Asp O.94, Thr 1.77, Ser 2.22,
Glu 2.98, Ala 5.10, Met + Met(O) O.62, Phe 1.00, Lys 2.08, His
O.90, Arg O.95, average recovery 92% (Found: 51.47; H, 6.10; N,
                              -174-




                                         '               ' RNase 1-20 -NHNH2, Protected S-peptide.
 The above protected eicosapeptide derivative (O.53 g, O.l7 mmol) in
 HMPA-NMP (2:1, 5 ml) and AcOH (1 ml) was treated with Zn powder
                                            '(O.56 g, 50 equiv.) at 400 for 3 hr. The solvent was removed by
                                   '' evaporation and the residue was treated with 5% EDTA. The resulting
  ge!atinous mass was purified by washing with-H20 followed by pre--
  cibitation from DMSO wi.th MeOH to yield the hydrazide (O.41 g, 83%),
 ;n.p. 251O dec., [(x]iO - 28.9O (c O.8'in DMSO), Rf3 O.61. Amino aeid
  analysis: Asp O.93, Thr 1.74, Ser 2.09, Glu 3.02, Ala 4.85, Met +
  Met(O) O.77, Phe 1.00, Lys 2.13, His O.91, Arg O.91, average re-
                      'covery g3% (Found: C, 53･42; H, 6.52; N, 13'30' C131H!s4N3o042S2'




     .t   '
6. Synthesis of RNase A
           '          '   Activity
 of Z-(RNase 1-20)-NHNH2 and
with the Full Enzymic
H-(RNase 1-124)-OBzl.
                 Z(OMe)-(RNase 21-124)-OBzl (213 mg, 14.2 ymol)
was treated with TFA-anisole (1.5 ml-O.3 ml) in an ice-bath for 90
                           'min, then dry ether was added. The resulting powder was washed with
ether, dired over KOH pell'ets in vacuo for 3 hr and dissolved in
DMSO-HMPA (1:1, v!v, 1 ml) eontaining 10% Et3N in DMF (79 Pl,
                                           '56.8 umol). To this ice-chilled solution, the azide (prepared from
253 mg, 86.9vmol of Z-(RNase 1-20)-NHNH2) in D]bal-DMSO-HMPA (1:1:1,
1.5 ml) and 10% Et3N in DMF (O.l2 ml, 86.9llmol) were added and the
mixture was stirred at 40 for 72 hr. An addit±onal azide (prepared
from the same amount of the hydrazide) in DMF-DMSO-H]Y[PA (1.5 ml)
and 10% Et3N in D)([F (O.12 ml) were added and stirring was further
cont±nued for 72 hr. Although the solution still remained p6sitive
to- ninhydrin, H20 (60 ml) was added . The resulting powder was col･-
lected by filtration, washed with 3% AcOH, 5% NaHC03 and H20 and
                      'precipitated from DMSO with MeOH. The product was dissolved in 5%
H20-DMSO and the solution was applied to a column of Sephacryl S-
200 (3 x 142 cm), which was eluted with the same solvent. Individ-
ual fractions (5.1 ml each) were collected and absorption at 275
nm was determined. Two peaks were detected; Peak 1 (!54 mg, tube
Nos. 55-75, a mixture of the protected RNase and the unreacted
amino component) Peak 2 (299 mg, tube Nos. I16-131, the rearrange-
ment product of the azide). Amino acid ratios in acid hydrolysate ''
                                              tt                                       'of the peak l substance: Asp 14.46, Thr 8.15, Ser 10.74, Glu 10.19,'
Pro 3.74, Gly 3.00, Ala 8.17, Val 8.64, Met + Met(O) 2.66, Ile '
                              '1.96, Leu 2.00, Tyr 6.08, Phe･2.22, Lys 8.91, His 2.96, Arg 3.27
                                                 '(recovery of Leu 85%). Incorporation of new amino acids was ca.
                     tt
                         '                                            '                                                             '            ''                                                    '             '                                             '                               -176-
     Z(OMe)-Glu(OBzl)-Arg(MBS)-Gln-His-Met(O)-Asp-Ser-Ser--Thr-Ser--
                  ttAla-Ala-NHNH2, Z(OMe)-(imuase 9--2O)-NHNH2 [29].
 z(oMe)-(RNase 9-205LNHNH-Troe (4.77 g, 2.45 mmol) dissolved in a
mixture of DMF--HMPA (1:4, 50 ml) and AcOH (10 ml) was treated with
 Zn (1.6 g, 10 equiv.) at room temperature for 5 hr, while the
 starting material disappeared on tlc. Some material precipitated
    'during the reaction was dissolved bya slight warming at 400.and the
 solution was f±ltered. The filtrate was concentrated and H20 (200
                                ''   ' ml) was added. The resulting oily precipitate was treated with a
 saturated so!ution of EDTA. Storage in a refrigerator afforded a
 powder, which was precipitated from DMSO with MeOH to afford the
 protected dodecapeptide hydrazide (3.37 g, 78%), m.p. 2460 dec., .
"SS,]ig,;,ll.'lO,i: ;Ig,l",?:S21l,?fR,g'2k,"lrfnk22 a.C2,igt,'8S.,2'? XZ,id
 1.03, Ser 2.74, Thr O.97, Ala 2.00, average recovery 91%. (Found:
 c, 48.30; H, 5.98; N, 14.72. C73Hlo4N2o02sS2･ 3 H20 reqUireS C,
 47.96; H, 6.07; N, 15.33%).
             '
                                                '  '      Z(OMe)--(RNase 9-124)-OBzl, [Z(Oly!e)-Glu(OBzl)-Arg(MBS)-Gln-
 His-Met(O)-Asp-Ser-Ser-Thr-Ser-Ala-Ala-(21--!24)-OBzl]. -
   '         Z(OMe)-(RNase 21-124)-OBzl (829 mg, 55.1 vmol) was
' treated with TFA-aniso!e (6 ml--1 ml) and the Nor-deprotected pep-
  tide, isolated as mentioned above, was dissolved in DMSO-H]Ya?A (!:1,
  6 ml) containi:ig Et3N ( 30 ul, 220 1.trnol). To this ice-chilled solu-
  tion, the azide (prepared from 977 mg, 10 equiv. of Z(OMe)-(RNase
  9-20)--NHNH2) in D)4SO-DM]l (1:1, 4 ml) and Et3N.(76 vl, 551 pmol)
  were added and the mixture was stirred at 40 for 72 hr. Three ad-
                              ''  ditions of the azide (10, 5 and 5 equiv.) were carr±ed out in 48
                          ''and 24 hr intervals. After the final addition of the azide, the
  mixture was further stirred for 24 hr, while the ninhydrin inten-
  sity on the origin of the tlc plate disappeared, when examined by
                                                     was then stir-a shimadzu dual wave!ength tlc scanner. The mixture
                                -177-
red at room temperature for 6 hr. Addition of H20 (60 ml) affordeda
powder, which was collected by filtration, washed with 3% AcOH and
precipitated from DMSO with MeOH to give the crude product (2.41
g). The crude product (500 mg each), dissolved in 5% H20-D)(SO (5
ml), was applied to a coulmn of Sephacryl S-200 (5 x 126 cm), which
was eluted with the same solvent at a flow rate of 72 mllhr. In-
dividual fractions (15 ml each) were collected and absorption at
275nm wasdetermined.Fractions of the front peak (Fig. 5-a,' tube
Nos. 56-80) were combined, the solvent was removed by evaporation
and the residue was precipitated frorn DMSO with MeOH to give a
pOwder (6isO mg, 68% in total yield of 5 purifications), m.p. 2420
dec･, [odD - 26.80 (c O.7 in DMSO), Rf3 = O (Found: C, 51.88;
ill gl86471 lll; li:i9o%')?76sHio47Ni6i022sSi6･ 64. H2o requires c, sr.72;
                                            '                '
           ttt             '   '                              '                            'Z-(RNase 1-124)-OBzl, [Z-Lys(Z)-Glu(OBut)-Thr-Ala-Ala-Ala-
Lys(Z)-Phe-(9-124)-OBzl], Protected RNase. .
Z(OMe)-(RNase 9-124)-OBzl (616 mg, 37.l umol) was treated with TFA-
anisole (6 ml-1 ml) and the Nor-deprotected peptide, isolated as men-
tioned above, was dissolved in DMSO-HMPA (1:1, 5 ml) containing
Et3N (31 vl, 223 pmol). To thls ice-chilled solution, the azide
(prepared from 658 mg, 10 equiv. of Z-(RNase 1-8)-NHNH2) ln DMSO-
D)4F (1:lr 2 ml) and N-methylmorpholine (41 yl, 371 vmol) were added
and the mixture was stirred at 40 for 72 hr. Three additions of the
azide (10, 5 and 5 equiv.) were carried out in 48 and 24 hr inter-
vals. After the final addition of the azide, stirring was contin-
ued for an adqitional 24 hr. The solution was then stirred at room
temperature for 6 hr and H20 (100 ml) was added. The resulting pow-
der was coilected by filtration, washed with 3% AcOH and precipit
tated twice from DMSO with MeOH to give the crude product. The
product was purified by column chromatography on Sephacryl S--200
(5 x 132 cm) with 5% H20 DMSO as eluate. Indidual fractions (15 ml








 were collected and absorption at 275 nm was determined. Frac-
 corresponding to the front peak (Fig. 5-b, tube Nos. 60-85)
collected and the so!vent was removed by evaporation. Treat-
                'of the residue with MeOH afforded a powder (505 mg, 77%),
233o dec., [or]g5 - 2s.io.(c o.s in DMso), RfS = o (Found: c,
       '; H, 6.44; N, 12.82. Cs23Hln7N17,1023gS16･ 42 H20 requirgs C,
                                                        ';H, 6.59; N, 12.94%). ･















     [A] Deprotection of
         1280 equiv.) was added to a solution of the
         mg, 28.3 umol) in HMPA-Nlff (2:1, 10 ml) and,
          the solution was incubated at 900 for 25 hr,
        sarnples of Z(OMe)-Cys(MBzl)(O)-OH and Z(OMe)-
   completely reduced under identical conditions. It
        Z(O)Ce)-Asp(OBz1)-OH and Z(OMe)-Glu(OBz1)-OH
                                             '           these conditions. The solvent was removed
        the residue was treated with MeOH. The resulting
precipitated from HMPA with MeOH to give the redueed
          mg, go%), m.p. 23go dec., [or]g5 - 24.4o (c
  Recoveries of cyst±ne in acid hydrolysates of the
            ' before and after reduction, were 2.82 and 3.50
th  protected RNase by MSA. '
Under an N2 atmosphere, the reduced RNase, Z-(RNase 1-124)--OBzl
(100 mg, 5.63 umol) was treated with freshly distilled MSA (3.9
ml) in the presence of m-cresol (O.39 ml, 660 equiv.) in an ice-
bath for 10 min and at 250 for 60 min. Dry ether was added and the
resulting powder was retreated with MSA under identical conditions
as mentioned above. The deprotected peptide, precipitated by etheg
was then dissolved in a O.2 ly[ Tris-HCI buffer (3 ml) containing
                               -179-
4M guanidine HCI and the pH of the solution was adjusted to 8.6
with 5% methylamine in H20. After addition of .2-mercaptoethanol.
                                        '(O.35 ml, 800 equiv.) and dithiothreitol (174 mg, 200 equiv.), the
    'solution was incubated, under N2, at 500 for 24 hr, while a marker,
S-methyl-methionine, was completely reduced to methionine. 2- '
mercaptoetYfinol(O.18 ml, 400 equiv.) was further added and the
solution was incubated for an additional 40 hr. The pH of the solu-
                                                      'tion was then adjusted to 3 with 3N HCI and the solution was ap- ''
plted to a column of Sephadex G-25 (1.6 x 90 cm), which was eluted
                            'with O.1 N AcOH. Individual fraetions (4 ml each) were collected
and absorptions at 275 nm were determined. Fractions (tube Nos. 23-
40) containing the reduced substance were then subjeqted to air
                                      tt           '
                       '                                           '' '                    '   '                   tt                               '                              '               '
     Air oxidation of the deprotected peptide.
Fractions (tube Nos. 23-40) obtained from gel-filtration on
Sephadex G-25 were combined and the solutton was diluted with H20
(3 1) and the'entire volume was brought up to 4 1 with O.2M Tris-
HCI buffer at pH 8.2. The protein concentration of this solution .
                              'was O.02 mglml. The solution was kept standing at room temperature
for 2 days, during which time the Ellman test dropped from O.097 to
the constant value, O.OOI. After adjusting the pH to 3.0 with 2N
HCI, the entire solution was lyophilized. The residue was dialyzed
with a cellulose tubing against distilled H20 (l l) three times
for desalting and the solution was lyophilized to give a hygro-
scopic powder (l69 mg). The crude oxidized substance was dissolved
                            'in O.05M NH4HC03, pH 8.4 (2 ml) and some insoluble material (ca.
6 mg) was removed by centrifugation. The supernatant solution was
applied to a column of Sephadex G-75 (2.8 x 95 cm), which was
eluted with the same buffer. Zndividual fractions (5.5 ml each)
                                                                  ''were collected and absorption at 275 nm was determined. The com-
pound emerged from the column as a single comporient with a slight
                   '                                           '                                                            '                                -180- ･                                                                 '
tailing.'The fractions corresponding to the main peak (Fig. 6-a,
tube Nos. 57-80) were combined and the solvent and NH4HC03 were
removed by repeated lyophilization to give a fluffy powder (42.5
mg, 54%). The activity against yeast RNA was 12%.
     rn the prelirninary run, starting with the protected RNase
(56 mg), the yield of the crude oxidized product was 28.2 mg and
the adtivity was 9%.. ･
     tLStg2gl,9z-flS!!gg!e!gf tchromatographiepurif-cationofliltt}g-glt!l,glggsLR!9E!yE!d droduct.
              '- The oxidized product (40.1 mg ) was dis-
solved in O.02 M AcONa (pH 5.2) (1 ml) and the solution was applied
to a column of Sepharose-(4B)-5'-(4-aminophenylphosphoryl)-uridine-
.2;(3')-phosphate (O.8 x 12.3 cm, Vb 6.2 ml), which was eluted first
with O.02 M AcONa, pH 5.2, with which one peak was detected at 275
nm, when individual fractions (3 ml each) were collected. The frac-
tions corresponding to this peak (Fig. 7-a, tube Nos. 3-15) were
collected and the solution was lyophilized. The residue was de-
salted by gel-filtration on Sephadex G-25 with O.l N AcOH as elu-
ate. Lyophilization gave a fluffy powder (22.4 mg, inactive).
After elution of peak l, the column was eluted with O.2 N AcOH.
The 2nd peak (Fig. 7-a, tube Nos. 33-40) was detected. Lyophiliza-
tion of the solvent of peak 2 fo!lowed by desalting on Sephadex
G-2S afforded a white fluffy powder (5.5 mg, 14%). Yield of this
affinity purified product from the protected RNase was 7.4%. Activ--
ity against yeast RNA was 82% (85% in 2 vglml, 78% in 4 yg12ml and
84% in8vg12 ml). '                                      '         '                          ''                                      ' '  '      Purification of the affinity purified product by ion-exchange
£hg]2gg!g!lgg!!g2g>Lg!!-ylL:gge}lEwsl-:t ahonCMceiiuiose
The affinity purified sample (4.61 mg) was dissolved in a smail
amount of pH 6.0, O.Ol M sodium phosphate buffer and the solution
was applied to a column of CM-cellulose (1 × 11.8 cm), which was
                       '  ' -181-
eluted with the same buffer (64 ml) and then by gradient eultion
with pH 7.5, O.1 M phosphate buffer (250 ml) through a miximg .flask
containing the above O.Ol M phosphate buffer (120 ml).. rnd±vidual
                                                                 'fractions (2.0 ml each) were collected and the absorption at 275 nm
was deterrnined. Fractions corresponding to the main peak (Fig. 8-a,
tube Nos. 59-65), present in the gradient e!uates, were combined
and the solvent was removed by IYophilization. The residue was de-
salted by gel--filtration on Sephadex G-25 with O.1 N AcOH as eluent.
After lyophilization, the product was obtained as a white fluffy
powder (yield 2.82 mg, 61%). ''･ '.                                  '     Amino aeid ratios in the 6N HCI (48 hr) hydrolysate are given
12 g?B':･.6,liR"RZ,:,?' ,ll.t¥27; -gs 2'lg :' ,il!,.i. 361:'g,l?l2D3 - 7o･s"
                                                                 ''                                                    '       ''                                                    '  '                                                           '     CpmtaronfthticRNaseananatu!alRNase.-
1.CLIht}!glugSiggEal2A12-sEggmgsEIEg!Lg!L!2Dltgg!!ylLgee!t h CM111.
Natural RNase (6.ll mg) was applied to a eolunm ofCM--cellulose (1 x
11.8 em), which was eluted with pH 6.0, O.OIM sodium phosphate buf-
fer and subsequently by gradient elution with pH 7.5, O.IM phos-
phate buffex as mentioned in the purification of synthetic RNase.
The maximum of the peak coincided with that of synthetic RNase
(tube Nos. 62). ･' , '                                          t tt            '  '                       '      '                          '              t ttt t  '                              '2.,!tl!ElzEgsl!gg!!!g?!}g!!g!ill"gg!22,]2£E>L!iscelectrohore icmobilzt .... '
               'Dise electrophoresis was performed on 15% polyacrylamide gel at pH
4.3 at 2 rnA/tube for 2 hr, using methylgg.een as a marker. The
                                                         'samp!e was stained with Coomassie Bri!liant Blue R (Sigma). The af-
     'finity purified sample (30 pg) exhibited a main band with a faint
impurity, O.46 and O.41 x methylgreen respectively, from the origin
toward the cathode. [rhe CMC purified sample (20pg) behaved as a
single component with the mobility of O.46 x methylgreen from the
origin toward the cathode. The ident±cal mobility was confirmed by
























disc electrophoresis of a mixing sample of synthetic RNase and
natural RNase (20 vg each) in the same tube (Fig. 9).
3. Vltraviolet spectrum.
The UV absorption spectrum of synthetic RNase (1.771 mg/ml) was
compared with that of natural RNase (1.826 mg!ml) in O.IM KCI solu-
                                                                'tion and the data is shown in Fig. 10. The spectra were super- '
imposable. The maximal molar extinction at 277.5 nm was 9700, when
the literatdre vaiue}17-a) -Emax gsoo, was taken as a basis of cal-
                  'culation.
4. Mchaelis constant. '
                              119--a)According to the KUnitz method,                                the value was determined by
measuring the initial velocities of RNA hydrolysis spectrophoto--
metricaUy at 300 nm. Sample of synthetie RNase and natural RNase
(5 ug in 2 ml H20, each) were'mixed with 2 ml of yeast RNA solu-
tions (4.00, 2.00, 1.00, O.50, O.40, O.33, O.25 mg per ml) in pH
5.0, O.IM sodtum acetate (total volume 4 ni). The absorption at 300
nm was measured for 10 min. (Fig. Il). The Michaelis constants were
then calculated from Lineweaver-Burk plots. The Km values were Z.22
mg/ml and 1.20 mg/ml for synthetic RNase and'natural RNase respec-
tively (lit. value}21)1.2s mg/ml).
     Evaluation of Enzymic activity of synthetic RNase.'------
    '                                                           tt1. Yeast RNA as substrate.
         'The Kunitz methoel9-a)was applied to determine the activity of syn-
thetic RNase at eaeh purification step. Solution eontaining yeast
RNA (2 mg) in pH 5.0, O.IM sodium acetate buffer (2 ml) were mixed
with a solution of synthetic RNase (2 vg, 4 .pg and 8 ug each) in
H20 (2 ml each). The reactions were followed spectrophotometrically
           Lat 300 nm for 10 min. A solution of natural RNase (2 ug, 4 pg and
8 pg each) in H20 (2 ml) was allowed to react with yeast RNA as a
standard. The speeific activities of the synthetic RNase samples
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were calculated from the initial slope of the curves. An average
activity of the CMC-purified sample (Fig. I2) was 105% (107% in 2
yg/2 ml, 104% in 4 ug!2 ml and 104% in 8 pg/2 mZ).
2. 2' 3'-C clic c tidine hos hate as substrate.
The fruchter and crestfieid methodi22)was bppiied to determine the
specific activity of RNase purified by ion--exchange ehromatography
on CM-cellulose. A soiution of synthetic RNase (20 ug) in H20 (20
vl) was mixed with a solu:tion of 2',3'-cyclic cytidine phosphate
(1.4 mg) in 2 ml of pH 7.48, Tris-NaCl buffer (O.O12M in Tris,
O.025M in NaCl and O.OlbC in HCI). After stirring for 10 m±n at Ob,
O.2M mercuric chloride (50 ul) was added to stop the reaction. In
order to obtain,a better separation of 3'-cytidine phosphate from
undigested substrate, the reported procedure was modified as fol-
lows. The reaction mixture was applied to a coulmm of Amberlite
CG-400 (O.9 x 6.7 cm) equilibrated with pH 7.48 Tris-NaCl buffer
(O.O12M in Tris, O.025M in NaCl and O.OIOM in HCI). The colurm was
then e!uted by a linear concentration gradient with pH 7.48 Tris-
NaCl buffer (O.060M in Tris, O.125M in NaCl,and O.050M in HCI)
through a mixing flask (200 ml) containing the former buffer at a
flow rate of 130 ml!hr. The optical density at 27i nm of the efflu-
ents was recorded by an Hitachi wavelength tunable effluent monitor
withlQmmlight path flow cell. A£ter elution of undigested sub-
strate, the area of Peak 2 (3'-cytidine phosphate) was eompared
with that of natural RNase (20 pg) as a standard (Fig. 13). Three
paralZel experiments were performed and an average activity of 104%
                                         tt twas found in synthetic RNase. ' ' -                                                      tt                                      '
3. DNA as substrate.
Refering to the Kunitz methodi23)for the DNase assay,
synthetic RNase against calf thynus DNA was examined.
DNA (O.l2 mg) in pH 5.0 sodium acetate buffer (3 ml)
                          ' -188- ･
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7 8 9 10
thymusDNA
O.O05M MgS04, was mixed with a solution of synthetic RNase (40 pg
and 100 vg each) and natural DNase I (10 ug and 20 vg each) in H20
(1 ml) at 250. The change of the optical densities was followed
spectrophotometrieally at 260 nm for 10 min (Fig. 14). [[he absorp-
tpiO:o02f htl]? SOIUtiOn CORtaindng synthetic RNase showed no increase
                                '     [B] Deprotection ef the protected RNase 'b HF.
   The protected RNase reduced by thiophenol (100 mg) was treated witl
   HF (approximately 4 ml) in the presence of m-cresol (O.39 ml, 660
   equiv.) in an ice-bath for 120 min. Excess HF was removed by evapo-
   ration and dry ether was added, the resulting powder was dissolved
   in O.2M Tris-HCI buffer (3 ni) containing 4M guanidine HCI. The
 N  pH of the soltuion was adjusted to 8.6 with 5% methylamine. Under
   an N2 a'tmosphere, the solution was incubated in the presence of 2-
   mercaptoethanol (O.35 ml, 800 equiv.) and dithiothreitol (i74 mg,
' 200 equiv.) at 500 for 24 hr and, after further addition of 2- .
   mercaptoethanol (O.18 ml, 400 equiv.'), at room temperature for 40
   hr, as described in the MSA deprotection. After adjusting the pH
   to 3 with 3N HCI, the solution was applied to a column of Sephadex
   G-25 (1.6 x 68 cm) wiht O.IN AcOH as eluate for desalting. Zndivid--
   ual fractions (3 ml each) were collected.
                                                 '
        Air oxidation of the HF deprotected product.
Fractions corresponding to the front peak (tube Nos. 18-34) were
combined and the solution was diluted with H20 ( 3 1). The proteln
concentration was brought to O.02 mglml with pH 8.2, O.2M Tris-HCI
buffer (1 1). After stirring for 15 min, the solution was kept
standing at room temperature for 2 days, while the Ellrnan color
intensity dropped from O.118 to the constant value, O.O04. The pH
of the solutien was adjusted to 3 with 2N HCI and !yophilized. The
residue was dialyzed three times against, distiiled H20 (1 1) using
                                     '                              '             '       . -191-         '
celluZo/s'e tubing (VT 351) . The content of the tube was lyophilized
                                 '   'to give a hygroscopic powder (172 mg). The crude product was dis-
                                                        ''solved in a small amount of O;051y[ NH4HC03 and insoluble matgria.1.                             t ttwas removed by centrifugation (8 mg). The supernatant was applied
to a colurm of Sephadex G-75 (2.8 x 95 cm, Vb 585 ml) with O.05M
                                                 'N}l4HC03 as eluate as mentioned in the MSA deprotection. Fractions
corresponding to the main peak (Fig. 6-b, tube Nos. 57-80) were
combined and the solvent was removed by lyophilization to give a
fluffy powder; yield 47.1 mg (60%). The activity against yeast RNA
was 17%.











crude air oxidized product (44.12 mg) was dissolved in a small
   of O.02N AeONa and the solution was applied to an affinity
                                                            '  '(2.2 x 8.6 cm), and was eluted with the same buffer (150 ml)
                                                            ''then O.2N AcOH (IOO ml) as mentioned in the MSA deproteetion.
  (Fig. 7-b, tube Nos. 19-40) in O.02M AcONa eluates gave,
                                                       '    'desalting, an inactive material (26.13 rng). Peak 2 (tube Nos.
   in O.2N AcOH eluates geve an active material (4.79 mg, yield
                                                             '  '  The activity against yeast RNA was 82% (79% in 2 ug!2 ml, 82%
                                                         'pg/2 ml and 84% in 8 ug/2 ml).
Purification of the affinity purified product by ion--exchange
chromatography on CM-cellulose.
The affin±ty purified sample (3.99 mg) was applied to a column of
                                         'CM-cellulose (1 x 11.8 cm), which was eluted with O.OIM sodium
                      ''                              'phosphate buffer (pH 6.0) (64 ml) and then by gradient elution with
O.IM phosphate buffer (pH 7.5) through a mixing flask eontaining
the above O.OIM buffer (120 ml). Fractions corresponding to the
rnain peak (Fig. 8-b, tube Nos. 59-65) were combined and the solvent
                                                             ''was removed by lyoph±lization. The residue was desalted by gel-
                                             '         '                 '                 . -192- ･ i
filtration on Sephadex G-25 with O.IN AcOH as eluate. After lyo-
philization, a white fluffy powder was obtained; 3.02 mg (76%).
Total yield 5%. The activity against yeast RNA was 106% (I08% in
2 pg12 ni, 107% in 4 yg/2 ml and 103Z in 8 pg/2 ml). Mchaelis
constant, Km 1.26 mg/ml. Amino acid ratios in the 6N HCI (48 hr)
hydrolysate (numbers in parentheses are theory): Asp 14.74(15), [Vhr
9.65(10), Ser 13.84(15), Glu l2.49(12), Pro 4.45(4), Gly 3.31(3),
Ala 12.47(12), Cys 3.70(4), Val 8.67(9), Met 3.71(4), Ile 2.38(3),
Leu 2.00(2), Tyr 5.96(6), Phe 3.07(3), Lys 10.21(ZO), His 3.59(4),
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